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in which A, B, X, Y, R^ R2, R3 and n have the meanings indicated in the claims. The compounds of the fomiula I are 
valuable phamrtacologically active compounds. They are vitronectin receptor antagonists and Inhibitors of ceil adhesion 
snd are suitable for the therapy and prophylaxis of illnesses whicli are based on the Interaction between vitronectin 
receptors and their llgands in cell-cell or cell-matrix Interaction processes or which can be prevented, alleviated or 
cured by Influencing such interactions. For example, they can be applied for inhibiting bone resorption by osteoclasts 
and thus for treating and preventing osteoporosis, or for Inhibiting undesired angiogenesis or proliferation of cells of 
the vascular smooth musculature. The Invention furthennore relates to processes for the preparation of compounds 
of the fomiula I, their use, in particular as active Ingredients in phamiaceutfcals, and phamnaceuticai compositions 
comprising them. 
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Description 

[0001] The present invention relates to compounds of the formula I, 

5 



A B 



10 




15 in which A, B, X, Y, Ri, R2, R3 and n have the meanings indicated below. The compounds of the fomnuia I are valuable 
phamiacologically active compounds. They are vitronectin receptor antagonists and inhibitors ofcell adhesion and are 
suitable for the therapy and prophylaxis of illnesses which are based on the interaction between vitronectin receptors 
and their ligands in cell-cell or cell-matrix interaction processes or which can be prevented, alleviated or cured by 
influencing such interactions. For example, they can be applied for inhibiting bone resorption by osteoclasts and thus 

20 for treating and preventing osteoporosis, or for inhibiting undesired angiogenesis or proliferation of cells of the vascular 
smooth musculature. The Invention furthenr^ore relates to processes for the preparation of compounds of the fomnula 
I, their use, in particular as active ingredients in phamnaceuticals, and phannaceutical compositions comprising them. 
[0002] Human bones are subject to a constant dynamic renovation process comprising bone resorption and bone 
formation. These processes are controlled by types of cell specialized for these purposes. Bone resorption is based 

25 on the destruction of bone matrix by osteoclasts. The majority of bone disorders are based on a disturbed equilibrium 
between bone fomiation and bone resorption. Osteoporosis is a disease characterized by low bone mass and enhanced 
bone fragility resulting in an increased risk of fractures. It results from a deficit In new bone formation versus bone 
resorption during the ongoing remodelling process. Conventional osteoporosis treatment includes, for example, the 
administration of bisphosphonates, estrogens, estrogen/progesterone (honmone replacement therapy or HRT), estro- 

30 gen agonists/antagonists (selective estrogen receptor modulators or SERMs), calcitonin, vitamin D analogues, par- 
athyroid homnone, growth homnone secretagogues, or sodium fluoride (Jardine et al., Annual Reports In Medicinal 
Chemistry 31 (1996)211). 

[0003] Activated osteoclasts are polynuclear cells having a diameter of up to 400 pm, which remove bone matrix. 
Activated osteoclasts become attached to the surface of the bone matrix and secrete proteolytic enzymes and acids 
35 into the so-called "sealing zone", the region between their cell membrane and the bone matrix. The acidic environment 
and the proteases cause the destruction of the bone. The compounds of the fonnula I inhibit bone resorption by oste- 
oclasts. 

[0004] Studies have shown that the attachment of osteoclasts to the bones is controlled by integrin receptors on the 
cell surface of osteoclasts, Integrins are a superfamily of receptors which include, inter alia, the fibrinogen receptor 

40 oibfe on blood platelets and the vitronectin receptor a^^. The vitronectin receptor Oypa is a membrane glycoprotein 
which is expressed on the cell surface of a number of cells such as endothelial cells, cells of the vascular smooth 
musculature, osteoclasts and tumor cells. Tlie vitronectin receptor aj^, which is expressed on the osteoclast mem- 
brane, controls the process of attachment to the bones and bone resorption and thus contributes to osteoporosis. Ovfe 
in this case binds to bone matrix proteins such as osteopontin, bone sialoprotein and thrombospontin which contain 

45 the tripeptide motif Arg-Gly-Asp (or RGD). 

[0005] Morton and coworkers describe RGD peptides and an anti-vitronectin receptor antibody (23C6) which inhibit 
tooth destruction by osteoclasts and the migration of osteoclasts (Morton et al., Exp. Cell. Res. 195(1991)368). In J. 
Cell Biol. 111 (1990) 1713 Sato et al. describe echistatin, an RGD peptide from snake venom, as a potent inhibitor of 
bone resorption in a tissue culture and as an inhibitor of osteoclast adhesion to the bones. Fisher et al. (Endocrinology 

50 132 (1993) 1411) and Yamamoto et al. (Endocrinology 139 (1998) 1411) were able to show in the rat that echistatin 
also inhibits bone resorption in vivo. 

[0006] It was f urthenmore shown that the vitronectin receptor a^ps on h uman cells of the vascular smooth musculatu re 
of the aorta stimulates the migration of these cells into the neointima which finally leads to arteriosclerosis and reste- 
nosis after angioplasty (Brown et al., Cardiovascular Res. 28 (1994) 1815). Yue et al. (Pharmacology Reviews and 
55 Communications 1 0 (1 998) 9) show the inhibition of neointima formation using an antagonist. 

[0007] Brooks et al. (Cell 79 (1 994) 1157) showed that antibodies against a^pa or aypg antagonists can cause a 
shrinkage of tumors by inducing the apoptosis of blood vessel cells during angiogenesis. The vitronectin receptor OyPa 
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cells (Engleman et al., Annual Reports In Medicinal Chemistry 31 (1996) 191). The melanoma Invasiveness correlated 
with this overexpression (Stracke et al., Encyclopedia of Cancer, volume III, 1855, Academic Press, 1997; Hillis et al., 
Clinical Science 91 (1996) 639). Carron et al. (Cancer Res. 58 (1998) 1930) describe the inhibition of tumor growth 
and the Inhibition of hypercalcemia of malignancy using an a^ps antagonist. 
5 [0008] Friedlander et al. (Science 270 (1995) 1500) describe anti-OyPs antibodies or bJ^ antagonists which Inhibit 
the bFGF-induced anglogenesis processes in the rat eye, a property which can be used therapeutically in the treatment 
of retinopathies and in the treatment of psoriasis. Storgard et al. (J. Clin, invest. 103 (1999) 47) describe the use of 
ayP3 antagonists in the treatment of arthritic diseases. 

[0009] Influencing of the vitronectin receptor or of the Interactions in which it Is invoh^ed thus offers the possibility of 
10 influencing different disease states for whose therapy and prophylaxis there continues to be a need for suitable phar- 
maceutical active ingredients. 

[0010] RGD peptides as inhibitors of bone resorption, angiogenesis and restenosis are described in WO-A-95/28426. 
EP-A-528586 and EP-A-528587 disclose aminoalkylsubstituted or heterocyclyl-substltuted phenylalanine derivatives, 
and WO-A-95/32710 discloses aryl derivatives as inhibitors of bone resorption by osteoclasts. WO-A-99/32457 dis- 

15 closes caribamic ester derivatives, and WO-A-99/37621 discloses sulfonamides which are vitronectin receptor antag- 
onists. Further vitronectin receptor antagonists are disclosed in WO-A-98/08840 and WO-A-98/1 8461 . Thiophene de- 
rivatives exhibiting a fibrinogen receptor antagonistic activity are described in WO-A-94/08577. Thiophene derivatives 
as inhibitors of bone resorption are described in EP-A-960882 and US-A-5703074. Further investigations have shown 
that the compounds of the fonmula 1 are particularly strong inhibitors of the vitronectin receptor and of bone resorption 

20 by osteoclasts. 

[001 1 ] The present invention relates to compounds of the formula I, 



30 




wherein 

35 

A and B which are independent of each other and are identical or different, are hydrogen, (C^-C^g)-alkyl, (C3-C^4)- 
cycloalkyl, (C3-Ci4)-cycloalkyl-(Ci-C8)-alkyl-, (C5-Ci4)-aryl, (C5-Ci4)-aryl-{Ci-C8)-alkyl-, fluorine, chlorine, bro- 
mine, cyano, trifluoromethyl, nitro, hydroxycariDonyl-, (C^-C6)-alkoxy, (C^-C6)-alkoxy-(Ci-C6)-alkyl-, (Ci-C6)-alkox- 
ycartsonyl-, (Ci-C6)-alkylcari3onyl-, (C5-Ci4)-arylcarbonyl-, (Ci-C6)-alkylaminocari3onyl-, (Ci-C6)-alkoxy-(Ci-C6)- 
40 alkoxy-, (C5-Ci4)-aryl-(Ci-C8)-alkylcarbonyl-, (C^-CQ)-alkanoylamino-, (C^-C6)-alkylamino-, di-((Ci-Cg)-alkyl)ami- 

no-, (G^-Ce)-alkylsulfonyl- or aminosutfonyl-, or the groups A and B bonded to the thiophene ring In the fonmula I 
together with the carbon atoms to whk:h they are bonded form an aromatic or non-aromatic ring system that is 
fused to the thiophene ring; 

^ X is (C3-Ce)-alkanediyl, (C3-C6)-alkenediyl or (C3-Ce)-alkynediyl, where in all these residues one carbon atom can 

be replaced by a heteroatom selected from the series consisting of nitrogen, oxygen and sulfur and where all these 
residues can be sut>stituted by one or two Identical or different suk>stituents from the series consisting of hydroxy 
" and A; 

50 Y is a direct bond, -S(0)2-, -C(0)-, -C(0)-0-, -S(0)2-N(R3> or -C(0)-N(R3)-. where the divalent residues repre- 

senting Y are bonded to the group via the free bond on their right side; 

R^ is (Ci-C^8)-alkyl, (C3-C^4)-cycloaIkyl, (C3-Ci4)-cycloalkyl-(Ci-C8)-alkyl-, (C^'C^^-ary\ or (C5-Ci4)-aiyl-(Ci-C9)- 
atkyl-, where the alkyi, cyctoatkyi and aryl residues can be substituted one, two or three times by identical or 
S5 different sut)stituents from the series consisting of fluorine, chlorine, bromine, cyano, trifluoromethyl, nitro, hydrox- 

ycarbonyl-, (Ci-C6)-alkyl, {CsrC^^-ary\, (C5-Ci4)-aryl-(Ci-C8)-alkyl-, {Ci-C6)-alkoxy, (Ci-C6)-aIkoxy-(Ci-C6)- 
alkyl-. (Ci-Ce)-aIkoxycarbonyl-, (Ci-C6)-alkyk:arbonyl-, (C^-Cej-alkylaminocarbonyl-, (Ci-C6)-alkoxy-(Ci-C6)- 
alkoxy-, (C5-C-|4)-arytearbonyl-. (C5-C^4)-aryl-(G^-C3)-alkylcarbonyl-, (G^-Gg)-aikanoylamino-, (C5-C^4)-arylsulfo- 



3 



EP 1 108 721 A1 



nylamino-, {Ci-Cg^alkylsulfonylamino-, (Ci-C6)-allcylamino-, di-({C^-Ce)-allcyl)amino-, (Ci-C6)-alkylsulfonyl-, (C^- 
CgValkylaminosulfonyl-, (C5-C^4}-arylaminosulfonyl-, (C5-C^4)-aryl-(Ci-C8)-alkylaminosulfonyl-, (C5-C^4)-arylsul- 
fonyl-, (C5-Ci4)-aryl-(Ci-C8)-allvlsu!fonyl- and a residue of a saturated or partially unsaturated, monocyclic or 
polycyclic 3-membered to 1 4HDenribered ring which can contain one, two, three or four ring heteroatoms from the 
5 series consisting of nitrogen, oxygen and sulfur and which can be substituted by one or two identical or different 
substituents from the series consisting of A, =0 and =S; 

R2 Is -C(0)R4, -C(S)R*, -S{0)2R*, -P(0)R*R*' or a residue of a saturated or unsaturated 4-membered to 8-mem- 
bered heterocyde which contains one, two, three or four heteroatoms from the series consisting of nitrogen, oxygen 
10 and sulfur; 

and R^' which are independent of each other and are Identical or different, are hydrogen, (C^-C^8)-aikyl, {C3- 
Ci4)-cycloalkyl, (C3-Ci4)-cycloaikyl-(Ci-C8)-alkyl-, {C^-C^^-ary\ or (C5-Ci4)-aryl-(Ct'C8)-all(yl-; 

IS and R*' which are independent of each other and are identical or different are hydroxy, (Ci-C8)-aIl<oxy, {C5- 

C^4)-aryl-(Ci-C8)-alkoxy-, (Ci-C8)-alkyicarbonyloxy-(C^-C4)-alkoxy-, (C5-Ci4)-aryl-(Ci-C8)-alkylcarbonyioxy-(Ci-.- 
C8)-alkoxy-or-NR5R5'; 

R5 and R^' which are independent of each other and are identical or different are hydrogen, (CyC^^ya\k^\, (C3- 
20 C^4)-cycloalkyl, (C3-Cu)-cycloalkyl-(Ci-C8)-alkyl-, {C5-Ci4)-aryl or (C5-Ci4)-aryKCi-C8)-alkyl-, or R^ and R^' to- 
gether with the nitrogen atom to which they are bonded fonn a saturated or unsaturated 4-membered to 8-mem- 
bered ring system which in addition to the nitrogen atom to which R^ and R^' are bonded can contain one, two or 
three ring heteroatoms from the series consisting of nitrogen, oxygen and sulfur; 

25 n is zero, one or two; 

in all their stereolsomeric fomns and mixtures thereof in all ratios, and their physiologically tolerable salts. 

[0012] All substituents and residues which can occur several times in the confounds of the fomnula i, for example 
30 the residues A, but also ali other residues to which this applies, can each Independently of one another have the 
meanings indicated. They can ali be identical or different. Likewise, heteroatoms in heterocyclic rings or substituents 
in residues which can be present several times can in each case independently of one another have the meanings 
indicated and can all be identical or different. 

[0013] AikyI residues can be straight-chain or branched and can be saturated or mono-unsaturated or poly-unsatu- 
35 rated. This also applies if they cany substituents or occur as substituents on other residues, for example in aikoxy 
residues, alkoxycarbonyl residues or arylalkyi residues. Substituted alkyi residues can be substituted in any suitable 
position. Examples of alkyi residues containing from 1 to 1 8 carbon atoms are methyl, ethyl, propyl, butyl, pentyi, hexyl, 
heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tetradecyl, hexadecyl and octadecyl, the n-isomers of all these residues, 
isopropyl, isobutyl, isopentyl, neopentyl, isohexyl, isodecyl, 3-methylpentyl, 2,3,4-trimethylhexyl, sec-butyl, tert-butyl, 
40 or tert-pentyl. A specific group of alkyi residues Is fomned by the residues methyl, ethyl, n-propyl, isopropyl, n-butyl, 
isobutyl, sec-butyl and tert-butyl. 

[001 4] Unsaturated alkyi residues can contain one or more, for example one, two or three, double bonds and/or triple 
bonds which can' be in any suitable position. Of course, an unsaturated alkyi residue has to contain at least two carbon 
atoms. Examples of unsaturated alkyi residues are alkenyl residues such as vinyl, 1 -propenyl, allyl, butenyl or 3-methyl' 
45 2-butenyl, or alkynyl residues such as ethynyl, 1 -propynyi or propargyl. Alkyi residues can also be unsaturated when 
they are substituted. Preferably an unsaturated alkyi residue is mono-unsaturated and contains one double bond or 
triple bond. 

[0015] The statements relating to alkyi residues con^espondingly apply to divalent residues derived from saturated 
or unsaturated aliphatic hydrocarbons including the residues alkanediyi, alkenediyl and alkynediyi, and to residues 

so which may be regarded as divalent or polyvalent alkyi residues, for xample the alkyi moiety in a substituted alkyi 
residue like arylalkyi- or hydroxyalkyl-. Examples of alkanediyi residues are methylene, ethane-1 ,1 -diyi, ethane-1 ,2-diyl, 
propane-1,2-diyl, propane-1,3-diyl, butane-1 ,4-diyl, pentane-1,5-diyl, 2,2-dimethylpropane-1,3-diyl, hexane-1 ,6-diyl. 
Examples of alkenediyl and alkynediyi residues are ethene-1 ,2-diyl, ethyne-1 ,2-diyl, prop-1 -ene-1 ,3-diyl, prop-2-ene- 
1 ,3-diyl, prop-1 -yne-1 ,3-diyl, prop-2-yne-1 ,3-diyl, but-1 -ene-1 ,4-diyl, but-2-ene-1 ,4-diyl, but-3-ene-1 ,4-diyl, but-1 -yne- 

55 1,4-diyl, but-2-yne-1 ,4-diyl, but-3-yne-1 ,4-diyl, pent-1 -ene-1 ,5-diyl, pent-2-ene-1,5-diyl, pent-3-ene-1 ,5-diyl, pent- 
4-ene-1,5-dlyi, pent-1 -yne-1 ,6-dlyl, pent-2-yne-1,5-dlyl, pent-3-yne-1 ,5-diyl, pent-4-yne-1,5-dlyI. 
[0016] CycloalkyI residues can be monocyclic or potycyclk:, for example monocyclic, bicyclic or tricyclic, i.e., they 
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suitable number of carbon atoms and the parent hydrocarbon systems are stable. A bicyclic or tricyclic cycloalkyi 
residue has to contain at least 4 carbon atoms. Preferably a bicyciic or tricyciic cycioailcyl residue contains at least 5 
carbon atoms, more preferably at least 6 carbon atonns, and up to the number of carbon atoms specified In the respective 
definition. Thus, (C3-Ci4)-cycloalkyl comprises but is not limited to, for example, (C3-Ci4)-monocycloalkyl, {C6-C14)- 
bicycloallcyl and (C6-Ci4)-tricycloallcyl, and (03-0^2)"^^'^^'*^' comprises but is not limited to, for example, (03-0-12)- 
monocycloall<yl, (Ce-CjgVbicycloaikyl and (Cg-Ci2)'^"cycloalkyl. Cycloalkyi residues can be saturated or contain obe 
or more double bonds within the ring system. In particular they can be saturated or contain one double bond within the 
ring system. In unsaturated cycloalkyi residues the double bonds can be present in any suitable positions. 
[0017] MonocycloalkyI residues are, for example, cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl, 
cyclohexenyl, cycloheptyl, cycloheptenyl, cyclooctyl, cyclononyl, cyclodecyl, cycloundecyl, cyclododecyl orcyclotetra- 
decyl which can also be substituted, for example by (C^-C^-a\\^\. Examples of substituted cycloalkyi residues whfch 
may be mentioned are 4-methylcyclohexyl and 2,3-dlmethylcyclopentyl. 

[0018] BicycloalkyI residues and tricycloalkyi residues can likewise be unsubstituted or substituted in any desired 
suitable position, for example by one or more 0x0 groups and/or one or more Identical or different (0^-C4)-alkyl groups, 
for example methyl or isopropyl groups, preferably methyl groups. The bond via which the bicyclic or the tricyclic residue 
is bonded can be located in any desired position in the molecule, and the residue can thus be bonded via a bridgehead 
atom or an atom in a bridge. The bond via whbh the residue is bonded can also be located In any desired stereochemical 
position, for example in an exo-positlon or an endo-positlon. 

[00191 Examples of parent structures of bicyclic ring systems are norbomane (= bicyclo[2.2.1]]heptane), bicycle 
[2.2.2]octane and bk:yclo[3.2.1]octane. An example of a system substituted by an 0x0 group is camphor (= 1,7,7-tri- 
methyl-2-oxobteyclo[2.2.1]]heptane). Examples of parent structures of tricyclic systems are twistane (= tricydo 
[4.4.0.03.8]decane, adamantane (= tricyclo[3.3.1 .l3'7]decane), noradamantane (= tricyclo[3.3.1.03'7]nonane), tricydo 
[2.2.1. 02.6]heptane, tricyclo[5.3.2.0^'9]ciodecane, tricyclo[5.4.0.02.9]undecane ortricyclo[5.5.1.03.ii]tridecane. A resi- 
due derived from adamantane can be 1 -adamantyl or 2-adamantyl. 

[0020] Unless specified othenvise, in each case the term (05-C.,4)-ary1 Is to be understood as comprising cariDocyclfc 
(06-0u)-aryl residues as well as heterocyclic (C5-Ci4)-aryl residues (= (C5-Ci4)-heteroaryl residues) in which one or 
more, for example one, two, three, four or five, of the 6 to 14 ring cartDon atoms are replaced by heteroatoms such as 
nitrogen, oxygen or sulfur. Examples of carbocydic aryl residues comprised by (C5-Ci4)-aryl residues, and thus by 
{C6-0^4)-aryl residues, are phenyl, naphthyl such as 1-naphthyl or 2-naphthyl, biphenylyl such as 2-blphenylyl, 3-bi- 
phenylyl or 4-biphenylyl, anthryl or fluorenyl. OariDOcydic (C6-0-,2)-aryl residues, in particular 1 -naphthyl, 2-naphthyl 
and phenyl, are a prefen^ed group of cariaocydte aryl residues. If not stated otherwise, all aryl residues, including phenyl 
residues, can be unsubstituted or substituted by one or more, preferably one, two or three, identical or different sub- 
stltuents. In particular substituted aryl residues can be substituted by Identical or different residues from the series 
consisting of (C^-C^-a\\^\, in particular (C^~C^-a\ky\, {C^-C8)-alkoxy, in particular (Ci-C4)-alkoxy, fluorine, chlorine 
and bromine, nitro, amino, (Ci-C4)-alkylamino, di-((C^-04)-aIkyl)amino, trifluoromethyl, hydroxy, methylenedioxy, cy- 
ano, hydroxycartDonyl-, aminocarbonyl-, (0-,-C4)-alkoxycarit)onyl-, phenyl, phenoxy, benzyl, benzyloxy, tetrazolyl, 
(FP0)2P(0)- and (R90)2P(0)-0- where is hydrogen, (Ci-Oio)-alkyl, (06-Ci4)-aryl or (CQ-C^^yaryHCyCQyalk^l 
Usually only up to two nitro groups can be present in the compounds of formula I, and simllariy all other groups, 
substituents or heteroatoms mentioned In the definition of the compounds of formula I can only be present In the 
compounds of formula 1 In such positions and in such numbers and In such combinations that the resulting molecule 
is stable and does not exhibit characteristics that are not desired for the Intended use. 

[0021] In monosubstltuted phenyl residues the substituent can be located in the 2-positlon, the 3-positlon or the 
4'position, theS-position and the 4-positlon being preferred. If phenyl is disubstituted, the substituents can be in 2,3-po- 
sition, 2,4-position, 2,5-positlon, 2,6-position, 3,4-positlon or 3,5-position. Preferably In disubstituted phenyl residues 
the two substituents are located in 3,4-posltion relative to the linkage site. In trisubstltuted phenyl residues, the sub- 
stituents can be in 2,3,4-position, 2,3,5-posltion, 2,3,6-posltion, 2,4,5-position, 2,4,6-position or 3,4,5-position. Similarly, 
naphthyl residues and other aryl residues can be substituted In any desired position, for example a 1 -naphthyl residue 
in the 2-, 3-, 4-, 5-, 6-, 7- or 8-positlon, a 2-naphthyl residue In the 1 -, 3-, 4-, 5-, 6-, 7- or 8-posrtlon. 
[0022] As mentioned, besides being cartDocyclic aryl groups, (05-0i4)-aryl groups can also be derived from mono- 
cyclfc or polycydte, for example monocyclic, bicyclic or tricyclic, aromatte ring systenns In which one, two, three, four 
or five of the 5 to 1 4 ring carbon atoms are replaced by heteroatoms. In partteular by identical or different heteroatoms 
from theserles consisting of nitrogen, oxygen and sulfur. Just so, groups specifically designated as (C5-0^4)-heteroaryl 
groups, can be derived from monocyclic or polycycllc, for example monocyclic, bicyclic or tricyclic, aromatic ring sys- 
tems in whfch one, two, three, four or five of the 5 to 14 ring carbon atoms are replaced by heteroatoms, in particular 
by identical or different heteroatoms from the series consisting of nitrogen , oxygen and sulfur. Examples of heterocyclk; 
{C5-Ci4)-aryl groups and (C5-Ci4)-heteroaryl groups are pyridlnyl like 2-pyridlnyl, 3-pyridinyl and 4-pyridlnyl, pynrolyl 
like 2-pyrrolyl and 3-pyrrolyl, furyl like 2-furyl and 3-furyl, thienyl like 2-thienyl and 3-thienyl, imidazolyl, pyrazolyl, ox- 
azolyl, isoxazolyl. thiazolyl, isothiazolyl, tetrazolyl, pyridazinyl, pyrazinyl, pyrimidinyl, indolyl, isoindolyl, indazolyl, 
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phthalazinyl, quinolinyl, isoquinolinyl, quinoxalinyl, quinazolinyl, cinnollnyl, p-carbolinyl, or benzo-fused, cyclopenta- 
fused, cyclohexa-fused or cyclohepta-fused derivatives of these residues. The heterocyclic aromatic systems can be 
substituted in any suitable position by the substituents listed above with respect to carbocyclic aromatic systems. 
Heteroaryl residues and all other heterocyclic residues Including saturated heterocycilc residues can be bonded via 
any suitable ring carbon atom and ring nitrogen atom. 

[0023] In the series of heteroaryl groups, monocyclic or bicyclic aromatic ring systems which contain 1 , 2 or 3 ring 
heteroatoms, in particular 1 or 2 ring heteroatoms, from the series consisting of nitrogen, oxygen and sulfur and which 
are unsubstituted or substituted by 1 , 2 or 3 substituents from the series consisting of {Ci-C6)-allcyl, (Ci-C6)-alkoxy. 
fluorine, chlorine, nitro, amino, trifluoromethyl. hydroxy, (Ci-C4)-alkoxycarbonyl-, phenyl, phenoxy, benzyloxy and ben- 
zyl, are prefen^ed. Particulariy preferred here are monocyclic or bicyclic aromatic 5-membered to 10-membered ring 
systems containing 1 , 2 or 3 heteroatoms, in particular containing 1 or 2 ring heteroatoms, from the series consisting 
of nitrogen, oxygen and sulfur which are unsubstituted or substituted by 1 or 2 substituents from the series consisting 
of (C^-C4)-alkyl, (Ci-C4)-alkoxy, phenyl, phenoxy, benzyl and benzyloxy. More particularly prefenred are 5-membered 
or 6Hnembered monocyclic heteroaryl groups and 9-membered or 1 0-membered bicyclic heteroaryl groups containing 
1 or 2, In partteular 1 , ring heteroatom from the series consisting of nitrogen, oxygen and sulfur whfch are unsubstituted 
or substituted as described before. 

[0024] In addition to the above-mentioned heteroaryl groups, the following non-aromatic heterocycles may be men- 
tioned as examples of saturated and unsaturated, including partially unsaturated, heterocyclic ring systems, provided 
that the specific example is in line with the definition of the respective group In the compounds of the formula I : aziridine, 
azetidine, tetrahydropyran, 1 ,4-dioxacyGlohexane, morphollne, thiomorpholine, piperazine, perhydroazepine, piperid- 
ine, pyn-olldine, dihydroisoxazole, tetrahydroisoxazole, 1 ,3-dioxolane, 1 ,2-dithiolane, 2,3-dihydrofuran, 2,5-dihydro- 
furan, tetrahydrofuran, 2,3-dihydrothiophene, 2,5-dihydrothiophene, tetrahydrothiophene, 2-imidazoline, 3-imidazo- 
line, 4-imidazoline, imidazolidine, 2-oxazoline, 3-oxazoline, 4-oxazoline, oxazolidine, 2-thiazoIine, 3-thiazollne, 4-thia- 
zoline, thiazolidine, 2H-thiopyran, 2H-pyran, 4H-pyran. In partially unsaturated ring systems for example one, two or 
three double bonds may be present within the ring system provided that the resulting ring system is non-aromatte. The 
above explanations with respect to heteroaryl residues, for example relating to substituents that may be present or 
attachment via any suitable position, correspondingly apply to the saturated and partially unsaturated ring systems. 
[0025] The above statements relating to aryl residues including heteroaryl residues also correspondingly apply to 
the aryl moiety in groups like, for example, arylalkyllncluding heteroarylalkyi-. Examples of arylalkyi- residues whfch in 
all cases can also carry in the aryl moiety the substituents listed above with respect to aryl groups, are benzyl. 1 
-phenylethyl-, 2-phenylethyl- or pyridinylmethyl-. 

[0026] Optically active carit)on atoms present in the compounds of the formula I can Independently of one another 
have R configuration or S configuration. The compounds of the fomriula I can be present in the form of pure enantiomers 
or pure diastereomers or in the fomi of mixtures of enantiomers, for example in the form of racemates, or of mixtures 
of diastereomers. The present Invention relates to all pure enantiomers and mixtures of enantiomers, as well as to 
pure diastereomers and mixtures of diastereomers. The invention comprises mixtures of two or of more than two 
stereoisomers of the formula 1 , and it comprises all ratios of stereoisomers in the mixtures. Compounds of the fomiula 
I containing respective structural units can also be present as E isomers or Z isomers (or trans isomers orcis isomers). 
The invention relates to all pure E isomers, pure Z isomers, pure cis Isomers, pure trans isomers and to E/Z mixtures 
and cis/trans mixtures in all ratios. The invention also comprises all tautomeric fomris of the compounds of the formula 
I. Diastereomers, including E/Z isomers, can be separated into the individual isomers by chromatography, for example. 
Racemates can be separated into the two enantiomers by customary methods like, for example, chromatography on 
chiral phases or resolution, for example by crystallization of diastereomeric salts obtained with optically active acids 
or bases. Stereochemteally unrfom compounds of the fomriula I can also be obtained by employing stereochemfcally 
unifomi starting materials or by using stereoselective reactions. 

[0027] Physiologically tolerable salts of the compounds of fomnula I are nontoxic salts that are physiologically ac- 
ceptable, in partfcular phamiaceutically utilizable salts. Such salts of compounds of the formula I containing acidic 
groups, for example carboxylic acid groups, are, for.cxaniple, alkali metal salts or alkaline earth metal salts such as, 
for example, sodium salts, potassium salts, magnesium salts and calcium salts, and also salts with physiologteally 
tolerable quatemary ammonium ions and acid addition salts with ammonia and physlologk:ally tolerable organk: amines 
such as, for example, triethylamine, ethanolamlne or tris-(2-hydroxyethyl)amine. Basic groups in the compounds of 
the formula I can form acid addition salts, for example with inorganic acids such as hydrochloric acid, sulfuric acid or 
phosphoric acid, or with organic carboxylic acids and sulfonic adds such as acetic acid, citric acid, benzoic acid, maleic 
acid, fumaric acid, tartark: acid, methanesulfonic acid or p-toluenesulfonic acid. Compounds of the fomiula I whfch 
simultaneously contain a basfc group and an acidic group, for example a carboxyl group in addition to basic nitrogen 
atoms, can be present as zwitterions (or betaines or Inner salts) which are likewis included by the present invention. 
[0028] Salts of compounds of the fomiula I can be obtained by customary methods known to those skilled in the art, 
for example by combining a compound of the formula I with an inorganic or organic add or base in a solvent or diluent, 
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or from other salts by cation exchange or anion exchange. A subject of the present invention are also all salts of the 
compounds of the formula I which, because of low physiologically tolerabilily, are not directly suitable for use in phar- 
maceuticals but are suitable, for example, as intemiediates for canying out further chemical modifications of the com- 
pounds of the formula I or as starting materials for the preparation of physiologically tolerable salts. 
[0029] The present invention moreover includes all solvates of compounds of the formula I. for example hydrates or 
Bdducts with alcohols, and also derivatives of the compounds of the fomiula 1 like esters, prodrugs and other physio- 
logically tolerable derivatives, as well as active metabolites of the compounds of the formula I. A subject of the invention 

are in particular prodrugs of the compounds of the fomiula I which can be converted into compounds of the fomiula I 
under physiological conditions. More detailed Information relating to prodrugs, i.e. chemically modified derivatives of 
the compounds of the formula I having properties which are improved In a desired manner, is found, for example, in 
Fleisheret al Advanced Drug Delivery Reviews 19 (1996) 115; Design of Prodrugs, H. Bundgaard (ed.). Elsevier, 
1985- or H. Bundgaard, Dmgs of the Future 16 (1991) 443; which are all incorporated herein by reference. Suitable 
prodrugs for the compounds of the fomiula I are especially ester prodmgs and amide prodrugs of carboxyllc acid 
groups. In particular of a COOH group representing R2. for example alkyi esters, and also acyl prodrugs and carbamate 
prodrugs of acylatable nitrogen-containing groups such as amino groups or the diazacydoalkene nng depicted in the 
formulal mtheacylprodrugsorcarbamateprodrugs.oneormore.forexampleoneortwo.hydrogenatomsonnitrogen 
atoms in such groups are replaced by an acyl group or a cart)amate group. Suitable acyl groups and carbamate groups 
for the acyl prodrugs and cart)amate prodrugs are, for example, the groups RiO-qO)- and R"0-C(0)-, in which R" 
Is hydrogen. (C,-CiB)-allcyl. (C3-Ci4)-cycloalkyl, (C3-Cu)H:ycloalkyl-(Ci-C8)-alkyl-. (C5-Ci4)-aryl or(C5-Ci4)-afyl-(Ci- 
C8)-alkyl-. and in which R^^ has the meanings indicated for Ri° with the exception of hydrogen. 
[0030] In case the groups A and B bonded to the thiophene ring In the formula I together with the carbon atoms to 
which they are bonded form an aromatic or non-aromatic ring system fused to the thiophene ring, said fused aromatic 
or non-aromatic ring system preferably Is a cart)ocyclic ring like a benzo ring or a 5-membered. 6-membered or 7-mem- 
bered cycloalkeno ring, particularty preferably a benzo ring, i. e., preferably in such case the thiophene ring in the 
formulalls replaced byabenzo[c]thlophenering.a5,6-dihydro-4H-cyclopenta[clthiophenering,4,5.6,7-tetrahydroben- 

zo[c]thlophene ring or a 5,6,7,8-tetrahydro-4H-cyclohepta[c]thlophene ring. 

[00311 The groups A preferably independently of each other denote hydrogen or (Ci-C6)-alkyl. more preferably hy- 
drogen or (Ci-C4)-alkyl, partteulariy preferably hydrogen. TTie group B preferably denotes hydrogen or (Ci-C6)-alkyl, 
more preferably hydrogen or (Ci-C4)-alkyl, particularly preferably hydrogen. 

[00321 The divalent residue X preferably is (C3-C6)-alkanediyl. (C3-C6)-alkenedlyl or (C3-C6)-alkynediyl. more pref- 
erably (C3-C6)-alkanedbrl or (C3-C6)-alkenediy1, partteulariy preferably (C3-C6)-alkanediyl, where hi all these prefered 
residues no carbon atom is replaced by a heteroatom. Preferably the (Cg-Ce) unit in a residue representing X is a (C^- 
Cs) unit more preferably a C4 unit. In case X is an alkenediyi or alkynediyi residue the double bond or tnple bond, 
respectively, is preferably located between the carbon atom inXbonded to the thiophene ringand the adjaceritcar^^ 

in the chain. ^ j u 

[0033] The divalent residue Y preferably is -S(0)2- or -C(0)-0-. where the residue -C(0)-0-is bonded to the group 

Ri via the free valence on the oxygen atom. 

[00341 In case a lesWue representing Ri carries as a substituent a residue of a saturated or partially unsaturated, 
monocyclic or polycyclic 3-membered to 1 4-membered ring, that substituent can be derived from a ring containing 3. 
4 5 6. 7. 8. 9, 1 0. 1 1 . 1 2, 1 3 or 1 4 ring atoms which ring can be a carbocyclic ring. i.e. a saturated orpartially unsaturated 
cyd'oalkane. or a heterocyclic ring and preferably is monocyclic, bfcyclic or tricyclic. Preferably such a substituent is 
derived from a 3-membered to 7-membered saturated or partially unsaturated ring which can contain one or two nng 
heteroatoms from the series consisting of nitrogen, oxygen and sulfur and whfch can be substituted by one or two 
identical or different substituents from the series consisting of A, =0 and =S. The residue Ri preferably is (C^-C^^)- 
alkyl, (C3-Ci4)-cycloalkyl. (C3-Ci4)-cycloalkyl-(Ci-C8)-alkyl-. (Cg-Ci+j-aryi Including carbocyclic (Ce-C^^asy\ and (C5- 
Ci4)-heteroaryl, or (C5-Ci4)-aryl-(C,-Ca)-alkyl- including carbocyclic (C6-Ci4)-aryl-(Ci-C8)-alkyl- and (C5-Ci4)-heter- 
oaryl-(C.-C8)-alkyl-, where the alkyi. cydoalkyl and aryl residues Including carbocyclic aryl residues and heteroaryl 
residues are unsubstituted or substituted one, two or three times by identical or different substituents from the senes 
consisting of fluorine, chlorine, bromine, cyano. trifluoromethyl. (Ci-C6)-alkyl. (C5-Ci4)-a7l and (Ci-C6)-alkoxy. IVIore 
preferably Ri is (Ci-C8)-alkyl. bicydic or tricyclic (C9-Ci2)^^oalkyl, bicydte or tricyclic (C9-Ci2)-cycloalkyl-(Ci-C4)- 
alkyl-, carbocyclte (C6-Ci2)-aryl or cartjocyclic (C6-Ci2)-aryl-(C,-C4)-alkyl-, where the (C,-C8)-alkyl, cydoalkyl and aryl 
residues are unsubstituted or substituted one, two or three times by identical or different substituents from the senes 
consisting of fluorine, chlorine, bromine, cyano, trifluoromethyl, (Ci-C6)-alkyl and (Ci-C^alkoxy. 
[00351 In case the group R2 denotes the residue of a 4-membered to 8-membered saturated or unsaturated hetero- 
cyde said heterocyde may contain 4. 5, 6, 7 or 8 ring atoms. Examples of suitable heterocyclic residues are tetrazolyl, 
imidazolyl. pyrazolyl. oxazolyl or thiadiazolyl. An unsaturated heterocyde may be partially unsaturated or aromatfc. 
Preferably R2 denotes -C(0)R*. 
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more preferably hydrogen or (Ci-C4)-alkyl, particularly preferably hydrogen. 

[0037] R* and R^' preferably independently of each other are hydroxy, (C-|-C8)-aIkoxy, (C^'C8)-alkylcarbonyloxy-(Ci- 
C4)-all<oxy- or -NR^RS', rnore preferably hydroxy, (C^ -Cg^alkoxy or -NR^RS', particularly preferably hydroxy or (C1-C5)- 
atkoxy. 

[0038] In case R^ and R^' together with the nitrogen atom to whtoh they are bonded f omn a 4-membered to 8-mem- 
bered ring system said ring system can contain 4, 5, 6, 7 or 8 ring atoms and preferably is monocyclic. Preferably said 
ring system is saturated. Examples of suitable ring systems are pyrrolidine, piperidine, morpholine, thiomorpholine and 
piperazine. R^ and R^' preferably are independently of each other hydrogen, (Ci-C3)-alkyl or (C5-Ci4)-aryl-(C.j-C8)- 
alkyl-, or R^ and R^' together with the nitrogen atom to which they are bonded fomn a 4-membered to 6-membered ring 
system which in addition to the nitrogen atom to which R^ and R^' are bonded can contain one, two or three ring 
heteroatoms from the series consisting of nitrogen, oxygen and sulfur and which is unsaturated or saturated, where 
preferably said ring system in addition to the nitrogen atom to which R^ and R^' are bonded contains zero or one 
heteroatom from the series consisting of nitrogen, oxygen and sulfur and is saturated. More preferably R^ and R^' are 
independently of each other hydrogen or (C^-C4)-aikyl, particulariy preferably hydrogen. 

[0039] n preferably Is zero or one, more preferably one. I. e., the residue of the diazacydoalkene ring depicted in 
the formula I preferably is 4,5-dihydro-1 H-imidazol-2-yl or 1 ,4,5,6-tetrahydropyrimidln-2-yl, more preferably 1 ,4,5,6-tet- 
rahydropyrimidin-2-yl. 

[0040] In the compounds of formula I according to the invention the various groups, residues and numbers can 
independently of one another have the above preferred definitions or can have one or more of the specific denotatk>ns 
given in their respective definitions or in the general explanations on the respective groups and residues. Preferred 
compounds of the present invention are those compounds of the fomnula 1 in which one or more of the residues have 
prefen'ed definitions, or have one or more specifk: denotations given in their respective definitions or general explana- 
tions, all combinations of such pretended definitions and specific denotations being a subject of the present invention. 
[0041] A group of preferred compounds is fomied, for example, by compounds of the formula I in which 

the groups A and B bonded to the thiophene ring in the fomnula I are hydrogen; 

X is (C3-C3)-alkanediyl, (C3-Cg)-alkenediyl or (C3-Ce)-alkynediyl; 

Yis -S(0)2-or-C(0)-0-; 

R"" is (Ci-Ci8)*alkyl, (C3-Ci4)-cycloalkyl, (C3-C^4)-cycloalkyl-(Ci-C8)-alkyl-, (C5-Ci4)-aryl or (C5-Ci4)-aryl-(C^-C8)- 
alkyl-, where the atkyi, cycloalkyi and aryl residues can be substituted one, two or three times by identical or 
different substituents from the series consisting of fluorine, chlorine, bromine, cyano, trifluoromethyl, nitro, hydrox- 
ycarbonyl-, (Ci-C6)-alkyl, (C5-C^4)-aryl, (C5-C^4)-aryl-(Ci-C8)'^"^'"» (Ci-CgValkoxy, (C.,-C8)-alkoxy-(C^-C6)- 
alkyl-, (Ci-C6)-alkoxycarbonyl-, (C^-C6)-alkylcarbonyl-, (Ci-C6)-alkyIaminocarbonyl-, (C^-C6)-alkoxy-(Ci-C6)- 
alkoxy-, (C5-C-|4)-arylcarbonyl-, {C5-C-|4)-aryl-(C^-C8)-aIkylcarbonyl-, (C^-C6)-alkanoylamino-, (C5-Ci4)-arylsulfo- 
nylamino-, (C^-C6)-alkylsulfonylamino-, (C^-CgValkylamino-, di-((C^-C6)-alkyl)amino-, (Ci-C6)-alkylsulfonyl-, (C^- 
Cgj-alkylaminosulfonyl-, (C5-Ci4)-arylaminosulfonyl-, (C5'C^4)-aryl-(Ci-C8)-alkylaminosulfonyl-, (C5-Ci4)-aryIsul- 
fonyl-, (C5-Ci4)-aryl-(C^-C8)-alkytsulfonyl- and a residue of a saturated or partially unsaturated, monocyclic or 
polycyclic 3-membered to 1 4-membered ring which can contain one, two, three or four ring heteroatoms from the 
series consisting of nitrogen, oxygen and sulfur and which can be substituted by one or two identk^l or different 
substituents from the series consisting of (C-,-C-|8)-alkyl, (C3-C-|4)-cydoaIkyl, (C3-C^4)-cycloalkyl-(Ci-C8)-alkyl-, 
(C5-C^4)-aryl, (C5-C^4)-aryl-(Ci-C8)-alkyl-, fluorine, chlorine, bromine, cyano, trifluoromethyl, nitro, hydroxycarbo- 
nyl-, (Ci-CgValkoxy, (C^-C6)-a!koxy-(C^-C6)-alkyl-, (Ci-C6)-alkoxycart3onyl-, (Ci-CeValkylcarbonyl-, (C5-Ci4)-aryl- 
carbonyl-, (C^-CgValkylaminocarbonyl-, (C^-Ce)-alkoxy-(C^-C6)-alkoxy-, (C5-C^4)-aryl-(C^-C8)*^'M^^onyl-, 
(C^-Ce)-alkanoylamino-, (C.,-C6)-alkylamino-, di-((C^-C6)-alkyl)amino-, (C-,-Ce)-alkylsulfonyl-, aminosulfonyl-, =0 
and=S; - 

R2 is -C(0)R*; 

R3 is hydrogen, (Ci-Ce)*^^^ (C5-Ci4)-aryl-(Ci-C8)-alkyl-; 

R* is hydroxy, (Ci-C8)-alkoxy, (Ci-C8)-alkylcarbonyIoxy-(Ci-C4)-alkoxy- or -NR5R5'; 

R^ and R^' which are independent of each other and are identical or different are hydrogen, (Ci-Ce)-alkyl or (C5- 
C^4)-aryl-(Ci-C8)-alkyl-, or R^ and R^' together with the nitrogen atom to which they are bonded fomn a 4-membered 
to 8-membered ring system which in addition to the nitrogen atom to whk^h R^ and R^' are bonded can contain 
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one, two or three ring heteroatoms from the series consisting of nitrogen, oxygen and sulfur and which is unsatu- 
rated or saturated; 

n is zero or one; 

5 

in all their stereoisomeric forms and mixtures thereof in all ratios, and their physiologically tolerable salts. 
[0042] A group of more preferred compounds is fomned, for example, by compounds of the fomnula I in which 
10 the groups A and B bonded to the thiophene ring in the fomnula I are hydrogen; 
X is (C3-Ce)-alkanediyl, (C3-C6)-alkenediyl or (Cg-CeVaikynediyl; 
Yls -S(0)2- or-C(0)-0-; 

15 

R1 l&(Ci-Ci8)-alIcyl, (C3-Ci4)-cycloallcyl, (C3-Ci4)K:ycloall<yl-(Ci-C8)-all<yl-, (C5-Ci4)-aryl orCCs-CiJ-aryl-CCi-Cg)- 
alkyl-, where the alkyi, cycloalkyi and aryl residues can be substituted one, two or three times by identical or 
different substituents from the series consisting of fluorine, chlorine, bromine, cyano, trif luoromethyl, (C^-CQ)-all(yl, 
(C5-Ci4)-aryl and (Ci-C6)-alkoxy; 

20 

R2 is -C(0)R*; 

R3 is hydrogen or {C^-C^-aikfi; 
25 is hydroxy, (C^-C^yalkox^ or -NRSrs'; 

R^ and R^' which are independent of each other and are Identical or different are hydrogen or {C^-C^-slWc^I; 
n Is zero or one; 

30 

in all their stereoisomeric fomns and mixtures thereof In ail ratios, and their physiologically tolerable salts. 
[0043] A group of particularly pref en-ed compounds is formed, for example, by compounds of the formula I In whteh 
35 the groups A and B bonded to the thiophene ring in the formula I are hydrogen; 
X is (Ca-CsValkanedlyl, (C3-C6)-alkenediyl or (C3-Ce)-alkynediyl; 
Yis-S(0)2-or-C(0)-0-; 

40 

Ri Is (Ci-Ci8)-alkyl, (C3-Ci4)-cycloalkyl, (C3-Ci4)^cloalkyl-(Ci-C8)-aIkyl-, (C^-C^^-ajy\ or(C5-Ci4)-aryl-(Ci-C8)- 
alkyl-, where the alkyi, cycloalkyi and aryl residues can be substituted one, two or three times by Identical or 
different substituents from the series consisting of fluorine, chlorine, bromine, cyano, trifluoromethyl, (C^-C6)-alkyi, 
(C5-Ci4)-aryl and (C^-C6)-alkoxy; 

45 

R2 is -C(0)R*; 
R3 is hydrogen; 
50 r4 Is hydroxy or (Ci-CgValkoxy; 
n is one; 

in all their stereoisomeric forms and mixtures thereof in all ratios, and their physiologk:ally tolerable salts. 

55 

[0044] Further, preferred compounds of the present invention ar those compounds in which the asymmetric carbon 
atom in the fomnula I to which the groups R? and Ri-Y-N(R^-are bonded, has S configuration, and their physiologically 
tolerable salts. 
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[0045] The present invention also relates to processes of preparation by whfch the compounds of the formula I are 
obtainable and which comprise carrying out one or more of the synthesis steps described below. The compounds of 
the formula I can generally be prepared, for example in the course of a convergent synthesis, by linkage of two or more 
fragments which can be derived retrosynthetically from the formula I. In thecourse of the preparation of the compounds 

5 of the formula I it can generally be advantageous or necessary to introduce functional groups which could lead to 
undesired reactions or side reactions In the respective synthesis step, in the fonn of precursor groups which are later 
converted into the desired functional groups, or to temporarily block func^onal groups by a protective group strategy 
suited to the synthesis problem. Such strategies are well known to those skilled in the art (see, for example, Greene 
and Wuts, Protective Groups in Organic Synthesis, Wiley, 1991). As examples of precursor groups nitro groups and 

10 cyano groups may be mentioned whfch can later be converted by reduction, for example by catalytc hydrogenation, 
into amino groups and aminomethyl groups, respectively. Examples of protective groups are mentioned in the following. 
[0046] For example, for the preparation of a compound of the fonmula I a buildmg block of the formula II, 



15 



20 



40 




25 In which Z is a suitable leaving group like chlorine, bromine or iodine, can be used. In the compounds of the fonnula 
II the groups A, B, Y, R1 , and are as defined above for the compounds of the formula I but functional groups can 
optionally also be present in the form of precursor groups or can be protected by protective groups. In partfcular, for 
example, a group R2 In a compound of the formula I denoting hydroxycarbonyl- (-COOH) is preferably present in a 
starting compound of the formula II as an ester like a tert-butyl ester or a methyl ester or an ethyl ester group. Further- 

30 more, in particular in the compounds of the fomiula II the groups Ri and Y taken together, i. e. the group R^-Y-, can 
denote a hydrogen atom or, preferably, an amino protecting group, for example a benzyloxycarbonyl group, i. e., the 
group R1-Y-N(R3)- in the compounds of the fonnula II can also be the group R^NH- or, preferably, a protected torn 
thereof. 

[0047] A compound of the formula II is reacted with a compound of the formula III, 



in whfch G is hydroxy or a protected hydroxy group of a carboxylic acid group or a nucleophilteally substitutable leaving 
group. I. e., the group G-CO- in the compounds of the formula III is a carboxylfc acid group or a protected carboxylfc 

45 acid group or an activated derivative of a carboxylfc acid group. The divalent residue V In the compounds of the fonnula 
III is a divalent (C3-C6)-alkenediyl or (C3-C6)-alkynediyl residue containing a tenninal double bond or a triple bond in 
the terminal position that carries the hydrogen atom depfeted in fomnula III, where In the residues V one carbon atom 
can be replaced by a heteroatom selected from the series consisting of nitrogen, oxygen and sulfur and where the 
residues V can be substituted by one or two identical or different substituents from the series consisting of hydroxy 

50 and A, and where functional groups can optionally also be present in the f omi of precursor groups or can be protected 
by protective groups. 

[0048] The coupling reaction of the compounds of the fonnulae II and III is canied out in the presence of a metal 
catalyst like, for example, a palladium or copper catalyst under condittons which are known to those skilled in the art 
and whfch are described, for example, in J. IWIarch, Advanced Organte Chemistry, Fourth Edition, J. Wiley, 1992 for 
55 such metal-catalyzed coupling reactions of suitably substituted arenes like hatoarenes with alkenes or alkynes. The 
metals used as catalysts can be employed in th formofcompl xe8orsalts,if appropriat with the addition of triaryl- 
phosphines. For example, palladiunHH) acetate can be used as a catalyst. The reaction of the compounds of formulae 
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tetrahydrofuran (THF), diethyl ether, n-heptane, n-hexane, n-pentane, cyclohexane, dlisopropyl ether, methyl tert-butyl 
ether, acetonitrile, dimethylformamide (DMF), dimethylsulfoxide (DMSO), dioxane, toluene, benzene, ethyl acetate or 
a mixture of these solvents, rf appropriate with addition of a base such as, for example, potassium carbonate, potassium 
tert-butoxide or tributylamine, and/or addition of a phase transfer catalyst such as, for example, tetrabutylammonium 
5 chloride, at temperatures from about 0 ""C to about 1 80 ""C. 

[0049] From the compounds of the formulae II and Ilia compound of the fomiula IV 



10 




IS 



is obtained in which A, B, G, V, Y, and R^ are defined as for fonnulae II and III. If a compound of the fomnula I 
is to be synthesized in which X is a saturated aikanediyi residue the double bond or triple bond In the group V In the 

20 compound of the formula IV Is converted to a single bond, for example by catalytic hydrogenation in the presence of 
a catalyst such as palladium on charcoal in a suitable solvent such as methanol, ethanol or acetic acid. If a compound 
of the fomnula I is to be synthesized in which a double or triple bond in the group X is present in a position different 
from the position adjacent to the thiophene ring which results In the above synthesis of the compound of the fomnula 
IV, the double bond or triple bond can be shifted in a prototropic rearrangement reaction, for example in the presence 

25 of a base, where mixtures of isomers that may result can be separated, for example, by HPLC. A double or triple bond 
in the group X in another position than that adjacent to the thiophene ring can also be introduced, for example, by a 
dehydration ordehydrohalogenation reaction periomned with a compound which contains a hydroxy substituent or one 
or two halogen substituents in the group V. Compounds of the fomnula IV themselves and compounds of the formula 
IV In which the group V has been modified are together represented by the fomnula V, 

30 



A B 



35 




V 



in which A, B, G, Y, , R^ and R^ are defined as for the fonnulae 11 and III and the group X is as defined above for the 
compounds of the fonmula I but where functional groups in X can optionally also be present in the form of precursor 
groups or can be protected by protective groups. 

[0050] If the group R^-Y- in a compound of the formula V stands for an amino protecting group, for example benzy- 
45 loxycart^onyl, the compound of the fomnula V is converted into a compound of the fomnula VI by deprotection using 
methods well known to those skilled in the art, for example catalytb hydrogenation in the case of a benzyloxycarbonyl 
group. In the compounds of the formula VI A, B, G, X, R^ and R^ are defined as for the fonnulae It and III. 
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[0051] If it is desired to prepare a compound of the formula VI in which X denotes a saturated alkanediyl residue, 
the conversion of an unsaturated alkenediyi or alkynediyi residue representing the group Vina compound of the fonnula 
i V into a saturated alkanediyl residue and the deprotection of a benzyloxycarbonyl-protected amino group can favorably 
be canied out simultaneously by catalytic hydrogenation. Moreover, In case the group G denotes benzyloxy and It Is 
5 desired for the further synthetk: procedure to prepare the respective free carboxylic add of the fomrtula VII, 
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15 

the cleavage of the benzyl ester to give the carboxylic acid, the deprotection of the benzyloxycarbonyl-protected amino 
group and the conversion of an alkenediyi or alkynediyi linker Into an alkanediyl linker can all be canied simultaneously 
in a single step by catalytic hydrogenation. In the compounds of the formula VII A, B, X, and R3 are defined as for 
the fonnula V. If the group G in a compound of the formula V or VI Is another protecting group than benzyloxy and it 
20 is desired to prepare the free carboxylic acid of the fonnula VII, deprotection can be achieved by other well-known 
standard methods, for example by cleavage with trifluoroacetic acid in case G is tertbutoxy or by alkaline hydrolysis, 
for example with lithium hydroxide, in case G is methoxy or ethoxy. 

[0052] Depending on the synthetic strategy, Instead of converting a compound of the fonnula VI in which G Is a 
protective group into the free carboxylic acid of the formula Vll, it can also be favorable to convert a compound of the 
25 formula V in which G Is a protective group Into the free carboxylic acid of the fonnula VIII, 



30 




35 : 

in which A, B, X, Y, R^, R2 and R3 are as defined for the formula V, for example by catalytic hydrogenation in case G 
Is benzyloxy, or by cleavage with trifluoroacetic acid in case G is tert-butoxy, or by alkaline hydrolysis in case G is 
methoxy or ethoxy. By the choice of protecting groups it is possible to achieve a conversion only in that part of the 
molecules where it is desired in the respective synthesis step. 
40 [0053] Into the compounds of the formulae VI or Vll the group R^-Y- in which R^ and Y are defined as for the com- 
pounds of the fonnula I, can be Introduced under standard conditions for the alkylatlon, acylatlon or sulfonylation of 
amines or their conversion into carbamates, sulfamides or ureas, for example by reaction with a compound of the 
fonnula IX, 

L-Y-R^ IX 

in which Y and R^ are defined as above for the compounds of the formula I and L is a suitable nucleophilically substi- 
tutable leaving group, thus obtaining compounds of the fonnulae V or VIII in whteh R^ and Y are defined as for the 

^ compounds of the formula I and A, B, G, X, R^ and R^ are defined as for the compounds of the formulae V and VIII. L 
can, for example, be chlorine, bromine, R''-C(0)-0-, R^-S(0)2-0-, aryloxy, succinimidyloxy, etc. and the compounds 
of the fonnula IX can, for example, be chlorides and bromides including carboxylic acid chlorides and bromides, sulfonic 
acid chlorides and bromides and chloroformic acid derivatives, carboxylic acid anhydrides and sulfonic acid anhydrides, 
N-acyloxysucclnlmides, or active esters of carboxylic acids like aryl esters such as pentafluorophenyl esters. 

^ [0054] For the introduction of the diazacycloaikenylamino moiety a compound of the formulae V or VIII or a compound 
in which the carboxylic acid function therein is present as, or has been converted into, a suitable derivative, for example 
an ester, is coupled with a compound of the fonnula X, 
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H 

in which the number n is defined as for the compounds of the fomiula I. For perfomiing such a coupling reaction the 
cart)oxylic acid function in a compound of the fomiulae V or VIII Is usually first activated, for example by one of the 
various methods used for peptide couplings which are well known to those skilled In the art. Examples of suitable 
activation agents are O-((cyano(ethoxycarbony0methylene)amino)-1.1.3,3-tetramethyluroniumtelrafluoroborateg^ 

TU) 0-(benzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate (HBTU), 0-(7-azabenzotnazol-1-yl)- 
1,1,3,3-tetramethyluronium hexafluorophosphate (HATU) orcarbodiimides like dicyclohexylcarbodlimide or diisopro- 
pilratbodiimide. The activationofthecarboxyllc acid function may alsofavorably be carried, for example.^ 
of the carboxylte acid group into the pentafluorophenyl ester using dicyclohexylcarbodlimide and pentafluorophenol. 
The activation and the subsequent reaction with the compound of the fomnula X are usually carried In the presence of 
an inert solvent or diluent, for example XM,chlorofomi.THF,diethyl ether, n-heptane,n-hexane,n-pentane,cyclohex- 

ane, diisopropyl ether, methyl tert-butyl ether, acetonitrile. DMF, DMSO, dloxane, toluene, benzene, ethyl acetate or a 
mixture of these solvents, If appropriate with addition of a base such as, for example, potassium tert-butoxide or tnb- 
utylamine. The resulting product is a compound of the formula I in which A, B, X, Y, H\ R^, R3 and n are defined as 
above for the compounds of the fomiula I but In which functional groups can also be present in the form of precursor 
groups or can be protected by protective groups. If still any protective groups or precursor groups are present they are 
then removed by known methods (see Greene and Wuts, Protective Groups in Organto Synthesis, Wiley, 1991), or 
converted in the desired final groups, respectively. If, for example, R2 in the coupling product is a carboxylic acid group 
protected as tert-butyl ester and the free carboxylte acid is to be prepared as the final compound the protective group 
can be removed by reaction with trifluoroacetfc acid. If desired, with the obtained compounds further reactions can 
then be carried out by standard processes, for example acylatlon reactions or esterif fcatfon reactions, or the compounds 
can beconverted into physiologically tolerable salts or prodmgs by standard processes known to those skilled in the art. 
[0055] The starting compounds of the formulae II, III and IX whfch are linked to give the compounds of the formula 
I are commercially available or can be prepared by or analogously to processes described below or in the literature. 
[00561 The compounds of the formula I are valuable pharmacologically active compounds whteh are suitable, for 
example, for the therapy and prophylaxis of bone disorders, tumor diseases, cardiovascular disorders or inflammatory 
conditioris. The compounds of the formula I and their physiologfeally tolerable salts and their prodrugs can be admin- 
istered to animals, preferably to mammals, and In particularto humans, as pharmaceutkals for therapy or prophylaxis. 
They can be administered on their own or in mixtures with one another or in the fomi of pharmaceutical compositions 
which permit enteral or parenteral administration and which, as active constituent, contain an effkiacious dose of at 
least one compound of the formula I and/or its physiologically tolerable sails and/or Its prodrugs in addition to a phar- 
maceutfcally acceptable carrier. 

[0057] The present Invention therefore also relates to the compounds of the formula I and/or their physiologically 
tolerable salts and/or their prodrugs for use as phamiaceutkals, to the use of the compounds of the formula I and/or 
their physiologically tolerable salts and/or their prodmgs for the productton of phamiaceuticals for the therapy and 
prophylaxis of the diseases mentioned above or below, for example forthe therapy and prophylaxis of bone disorders, 
and also to the use of the compounds of the fomiula I and/or their physiologfcally tolerable salts and/or their prodrugs 
for the therapy and prophylaxis of these diseases and to methods for such therapy and prophylaxis. The present 
invention furthermore relates to phamiaceutical compositions (or phamiaceutical preparations) which contain an effi- 
cacious dose of at least one compound of the formula I and/or its physiologically tolerable salts and/or its prodrugs 
and a pharmaceutfcally acceptable carrier. I. e. one or more phamiaceutically acceptable canier substances and/or 

additives. w . 

[0058] The pharmaceuticals can be administered orally, for example in the form of pills, tablets, lacquered tablets, 
coated tablets, granules, hardand soft gelatincapsules, solutions, synjps,emulslons,suspenslons or aerosolm'i^^ 

Administration, however, can also be carried out rectally, for example in the form of suppositories, or parenterally, for 
example Intravenously, Intramusculariy or subcutaneously. in the fomi of injection solutions or infusion solutions, mi- 
crocapsules, implants or rods, or percutaneously ortopically, for example In the form of ointments, solutions, emulstons 
or tinctures, or in other ways, for example in the tomi of aerosols or nasal sprays. 

[0059] The pharmaceutical compositions according to the invention are prepared in a manner known per se and 
familiar to those skilled In the art. one or mor compound(s) of the fomiula I and/or Its (their) physiologfcally tolerable 
salts and/or its (their) prodrugs being mixed with one or more pharmaceutically acceptable inert inorganfc and/or organic 
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brought into a suitable administration form and dosage fonn that can be used in human or veterinary medicine. For 
the production of pills, tablets, coated tablets and hard gelatin capsules it is possible to use, for example, lactose, com 
starch or derivatives thereof, talc, stearic acid or its salts, etc. Carriers for soft gelatin capsules and suppositories are, 
for example, fats, waxes, semisolid and liquid polyols, natural or hardened oils, etc. Suitable carrier substances for the 

5 production of solutions, for example injection solutions, or of emulsions or syrups are, for example, water, alcohols, 
glycerol, polyols, sucrose, invert sugar, glucose, vegetable oils, etc. Suitable carriers for microcapsules, implants or 
rods are, for example, copolymers of glycolic acid and lactic acid. The phamnaceutical compositions nomially contain 
about 0.5 to 90 % by weight of the compounds of the formula I and/or their physiologically tolerable salts and/or their 
prodrugs. The amount of the active ingredient of the fomrtula I and/or its physiologically tolerable salts and/or its prodrugs 

10 in the phamnaceutical compositions nomially Is from about 0.2 mg to about 1000 mg, preferably from about 1 mg to 
about 500 mg. 

[0060] In addition to the active ingredients of the fomiula I and/or its physiologically tolerable salts and/or its prodrugs 
and carriers, the phamnaceutical compositions can contain additives (or auxiliary substances) such as, for example, 
fillers, disintegrants, binders, lubricants, wetting agents, stabilizers, emulsifiers, preservatives, sweeteners, colorants, 

IS flavorings, aromatizers, thiclceners, diluents, buffer substances, solvents, i solublllzers, agents for achieving a depot 
effect, salts for altering the osmotic pressure, coating agents or antioxidants. They can also contain two ormore com- 
pounds of the fomiula I and/or their physiologically tolerable salts and/or their prodrugs. Furthermore, in addition to at 
least one compound of the formula I and/or its physiologically tolerable salts and/or Its prodrugs, they can also contain 
one or more other therapeutically or prophylactically active ingredients. 

20 [0061] The compounds of the formula I are antagonists of the vitronectin receptor and inhibitors of cell adhesion. 
They have, for example, the ability to inhibit the binding of osteoclasts to the bone surface and thereby inhibit bone 
resorption by osteoclasts. The action of the compounds of the fomiula I can be demonstrated, for example, in an assay 
in which the Inhibition of the binding of the isolated vitronectin receptor or of cells which contain the vitronectin receptor 
to a ligand of the vitronectin receptor is detemnlned. Details of such an assay are given below. As vitronectin receptor 

25 antagonists, the compounds of the fomiula I and their physiologically tolerable salts and their prodrugs are generally 
suitable for the therapy and prophylaxis of diseases which are based on the interaction between vitronectin receptors 
and their llgands in cell-cell interaction processes or cell-matrix interaction processes, or which can be influenced by 
an inhibition of interactions of this type, or for the prevention, alleviation or cure of which an inhibition of interactions 
of this type is desired. As explained at the beginning, such interactions play a part, for example, in bone resorption, in 

30 angiogenesis or in the proliferation of cells of the vascular smooth musculature. The compounds of the fomiula 1 and 
their physiologlcatly tolerable salts and their prodrugs are therefore suitable, for example, for the prevention, alleviation 
or cure of diseases which are caused at least partially by an undesired extent of bone resorption, angiogenesis or 
proliferation of cells of the vascular smooth musculature. 

[0062] Bone diseases for whose treatment and prevention the compounds of the formula I according to the invention 

35 can be employed are especially osteoporosis, hypercalcemia, osteopenia, for example caused by metastases, dental 
disorders, hyperparathyroidism, periarticular erosions in rheumatoid arthritis and Paget's disease. In addition, the com- 
pounds of the fomiula I can be used for the allevation, avoidance or therapy of bone disorders which are caused by a 
glucocorticoid, steroid or corticosteroid therapy or by a lack of sex honnone(s). All these disorders are characterized 
by bone loss which is based on the inequilibrium between bone formation and bone destmction and which can be 

40 favorably influenced by the inhibition of bone resorption by osteoclasts. The compounds of the fonnula I and/or their 
physiologically tolerable salts and/or their prodrugs can also favorably be used as inhibitor of bone resorption, for 
example in the therapy or prophylaxis of osteoporosis, in combination with conventional osteoporosis treatments, for 
example In combination with agents like bisphosphonates, estrogens, estrogen/progesterone, estrogen agonists/an- 
tagonists, calcitonin, vitamin D analogues, parathyroid hormone, growth hormone secretagogues, or sodium fluoride. 

^ Administration of the compounds of the fomiula I and/or their physiologically tolerable salts and/or their prodrugs and 
of other active Ingredients effective in the treatment or prophylaxis of osteoporosis like those listed before can take 
place simultaneously or sequentially, in any order, and jointly or separately. For use in such a combination treatment 
or prophylaxis the compounds of the fonnula I and/or their physiologically tolerable salts and/or their prodrugs a.7d one 
or more other active ingredients like those listed before can together be present in a single pharmaceutical composition, 

50 for example tablets, capsules or granules, or can be present in two or more separate phamiaceutbal compositions 
which can be contained in a single package or in two or more separate packages. The use of the compounds of the 
formula I and/or their physiologically tolerable salts and/or their prodmgs in such a combination therapy or prophylaxis 
and their use In the produc^on of pharmaceuticals for such a combination therapy or prophylaxis are also subjects of 
the present invention. The invention furthenmore relates to phannaceutical compositions which comprise efficacious 

55 amounts of at least one compound of the formula I and/or its physiologically tolerable salts and/or its prodrugs together 
with at least one other active Ingredient effective In the treatment or prophylaxis of osteoporosis or in the inhibition of 
bone resorption like those listed before, together with a phamiaceutk^lly acceptable carrier. The above explanations 
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[0063] Apart from use as inhibitors of bone resorption by osteoclasts, the compounds of the formula I and their 
physiologically tolerable salts and their prodmgs can be used, for example, as inhibitors of tumor growth and tumor 
metastasis, as antiinflammatories, for the therapy or prophylaxis of rheumatoid arthritis, for the therapy of psoriasis, 
for the therapy or prophylaxis of cardiovascular disorders such as arteriosclerosis or restenoses, for the therapy or 

5 prophylaxis of nephropathies or retinopathies such as, for example, diabetic retinopathy, or for the reduction of cell 
proliferation. As inhibitors of tumor growth or tumor metastasis the compounds of the fonnula I and/or their physiolog- 
ically tolerable salts and/or their prodrugs can also favorably be used in combination with conventional cancer therapy. 
Examples of conventional cancer therapy are given In Bertino (Editor), Encyclopedia of Cancer, Academic Press, 1 997 
which Is incorporated herein by reference. All the above statements relating to the use of the compounds of fonnula I 

10 in combination with conventional osteoporosis therapy like, for example, possible modes of administration and phar- 
maceutical combination compositions, con^espondlngty apply to the use of the compounds of fonnula I In combination 
with conventional cancer therapy. 

[0064] When using the compounds of the fonnula I, the dose can vary within wide limits and, as Is customary, is to 
be suited to the individual conditions In each individual case. It depends, for example, on the compound employed, on 

IS the nature and severity of the disease to be treated, or on whether an acute or chronic condition is treated or whether 
prophylaxis is carried out. In the case of oral administration, the daily dose is in general from about 0.01 to about 100 
mg/kg, preferably from about 0.1 to about 50 mg/kg, in particular from about 0.1 to about 5 mg/kg, to achieve effective 
results in an adult weighing about 75 kg (in each case in mg per kg of body weight). Also in the case of intravenous 
administration the daily dose is in general from about 0.01 to about 1 00 mg/kg, preferably from about 0.05 to about 1 0 

20 mg/kg (in each case in mg per kg of body weight). The daily dose can be divided, in particular in the case of the 
administration of relatively large amounts, into several, for example 2, 3 or 4, part administrations. As usual, depending 
on individual behavior it may be necessary to deviate upwards or downwards from the daily dose indk:ated. 
[0065] Apart from use as pharmaceuttoal active ingredients, the compounds of the fonnula I can also be used as 
vehicles or carriers of other active ingredients in order to transport the active ingredient specifically to the site of action 

25 (= drug targeting; see, for example, Targeted Drug Delivery, R. C. Juliano, Handbook of Experimental Phannacology, 
Vol. 100, Ed. Bom, G. V. R. et al.. Springer Verlag which Is incorporated herein by reference). The active Ingredients 
to be transported are in particular those which can be used for the treatment of the abovementioned diseases. 
[0066] The compounds of the fonnula I and their salts can furthermore be employed for diagnostic purposes, for 
example in In vitro diagnoses, and as auxiliaries in biochemical investigations In which blocking of the vitronectin re- 

30 ceptor or influencing of cell-cell or cell-matrix interactions is desired. They can furthennore be used as synthesis in- 
tennediates forthe preparation of other compounds, in particular of other pharmaceutk:al active ingredients, which are 
obtainable from the compounds of the fonnula I, for example by introduction of substituents or modification of functional 
groups. 

35 Examples 

Abbreviations 

[0067] 

40 

AcOH acetic add 
DCM dichloromethane 
DM F N ,N-dimethylf onnamide 
EE ethyl acetate 
45 MeOH methanol 

TFA trifluoroacetic acid 
THF ,tetrahydrofuran 

Example 1 

so 

[0068] (2S)-2-(Naphthalene'1-sulfonylamino)-3-(5-(4-(1,4,5,64etrahydropyrimidin-2-ylcarbamoyl)-buty04h^ 
2-yl)-propionic add 

55 
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10 a) (2S)-2-Amino-3-(5-bromo-thiophen-2-yl)-propionic acid 1 7.1 g (0.1 mol) of (S)-thlenylalanine were suspended 
in 250 ml of AcOH and 5 ml (0.1 mol) of bromine were slowly added. The thienylalanine dissolved and a new 
precipitate fomned. The mixture was stirred for 15 h, the product was filtered and washed with AcOH. Yield: 24 g. 
MS (FAB): m/e = 251.9, 249.9 (M+H+, 100%). 

f5 b) (2S )-2-Benzyloxycarbonylamino-3-(5-bromo-thiophen-2-yl)-propionlc acid 

To 24 g (0.096 mol) of the compound of step a) in 500 ml of DMF 24 g (0.096 mol) of N-benzyloxycarbonyloxy-^. 
succinimide were added at O'^C. The mixture was brought to pH 7 with N,N-diisopropylethylamine, slowly warmed 
to room temperature and stinted at room temperature for 12 h. The solvent was removed in vacuo. The residue 
was dissolved in EE and extracted with water, dried over MgS04 and filtered. The solvent was removed in vacuo. 

20 The crude product was purified by flash chromatography on silica gel (DCM/MeOH/AcOH/H20 95/5/0.5/0.5). Yield: 
25 g. 

MS (ES+): m/e = 386.1 , 384.1 (M+H+, 50%), 342.1 , 340.1 (1 00%). 

c) (2S)-2-Benzyloxycarbonylamino-3-(5-bromo-thiophen-2-yl)-propionic acid tert-butyl ester 

25 To 20.0 g (52.1 mmol) of the compound of step b) in 50 ml of chlorofomr) were added under stirring at O^C 256.8 
g (2.21 mol) of tert-butyl acetate and 15.4 g (157 mmol) of cone. H2SO4 and 2.75 g (24.1 mmol) of 20% oleum. 
The reaction mixture was slowly brought to room temperature and stirred for 20 h. After cooling to 0**C 1 0% KHCO3 
solution was added until pH 7 was reached. The mixture was extracted three times with OCM and the combined 
organic phases were washed with brine, dried over MgS04, filtered and the soh^ent removed in vacuo. The product 

30 was further purified by chromatography on silica gel (EE/n-heptane 1/9). Yield: 18.1 g. 
MS (ES+): m/e = 442.1, 440.1 (M+H+ 70%), 386.0, 384.0 (100%). 

d) Pent-4-enoic acid benzyl ester 

To 10.53 g (105 mmol) of pent-4-enoic acid in 150 ml ethanol was added 17.1 g (52.5 mmol) of CsgCOg and the 
'35 reaction mixture was stinred at for 2 h. The solvent was removed in vacuo, the residue coevaporated three 
times with toluene and then dissolved in 150 ml of DMF. 1 7.96 g (1 05 mmol) of benzyl bromide were added and 
the reac^on mixture stirred at room temperature for 48 h. The reaction mixture was filtered, diluted with water and 
extracted three times with heptane. The combined organic phases were dried over MgS04, filtered and the solvent 
was removed in vacuo. Yield: 19.92 g. 
40 MS (ES+): m/e = 1 91 .0 (M+H+ 1 00%), 1 73.1 (50%), 91 .0 (80%). 

e) 5-(5-((2S)-2-Benzyloxycarbonylamino-24ert-butoxycarbonyl-ethyi)-thiophen*2-yl)-f)en^ add benzyl es- 
ter 

A mixture of 10.80 g (56.77 mmol) of the compound of step d), 5.0 g of the compound of step c), 0.88 g (3.18 
45 mmol) of tetrabutylammonium chloride, 3.92 g (28.4 mmol) of K2CO3 and 128 mg of palladium acetate in 3 ml of 
absolute DMF was heated to lOO^'C for 3 h. The solvent was removed in vacuo and the crude product was purified 
by flash chromatography on silica gel (EE/n-heptane 1/4 to 1/1). Yield: 3.1 g. 
MS (ES+): m/e = 550.2 (M+H+ 100%), 494.2 (60%), 450.2 (20%), 90.9 (60%), 

so f) 5-(5-((2S )-2-Amino-2-tert-butoxycari3onyI-ethyl )-thiophen-2-yl)*pentanoic acid 1 .5 g (2.73 mmol) of the com- 
pound of step e) were dissolved in 20 ml of AcOH and hydrogenated over 5% Pd/C at room temperature and under 
a hydrogen pressure of about 1 bar for 4 h. The reaction mixture was filtered, the solvent was removed in vacuo 
and the crude product was purified by flash chromatography on silica gel (DGM/MeOH/H20/AcOH 90/10/1/1). 
Three products were obtained: 

55 

Compound 1f)-1 : 5-(5-{(2S)-2-Benzyloxycarbonylamino-24ert-butoxycaitonyl-ethyl)-thiophen-2-yl)-pentan^ 
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Compound 1f)-2: 5-(5-((2S)-2-Amino-2-tert-biitoxycarbonyl-ethyl)-thiophen-2-yl)-pentanoic acid benzyl ester. 
Yield: 101 mg. 

MS (ES+): m/e = 418.2 (M+H+, 100%). 

Compound 1f)-3: 5-(5-((2S)-2-Amlno-2-tert-butoxycarbonyl-ethyl)-thlophen-2-yl)-pentanoic acid. Yield: 471 
mg. 

MS (ES+): m/e = 328.1 (M+H+, 100%). 272.0 (20%). 

g) 5-(5-((2S)-24ert-Butoxycaitonyl-2-(naphthalene-1-sutfonyIamino)-ethyl)4hlophen-2-yl)-pentanoicacld 

To 1 00 mg (0.3 mmol) of the compound 1f)-3 of step f) in 3 ml of absolute DMF were added at O'C 0.61 mmol of 
naphthalene-1 -sulfonyl chloride and 0.92 mmol of N ,N-dllsopropylethylamine, and the reaction mixture was stinted 
at 0*C for 3 h. The solvent was removed in vacuo, the residue was dissolved in EE and extracted twice with 
aqueous KHSO4 solution and once with brine. The organic phase was dried over MgS04, filtered and the solvent 
was removed In vacuo. Yield: 105 mg. 
MS (ES+): m/e = 518.2 (M+H+ 50%), 462.1 (100%). 

h) (2S)-2-(Naphthalene-1 -sulfonylamino)-3-(5-(4-(1,4,5,6-tetrahydropyrimldin-2-ylcarbamoyl )-butyl)-thiophen- 
2-yl)-propionic acid tert-butyl ester 

To 39 mg of the compound of step g) in 3 ml of absolute THF were added 9.0 mg of 1 ,4.6,6-tetrahydropyrimldin- 
2-ylamine, 39 mg of N,N-diisopropylethylamine and 31,5 mg of 0-(7-azabenzotriazol-1 -yl )-1,1,3,3-tetramethyl- 
uronium hexafluorophosphate 

(HATU), and the reaction mixture was stirred for 3 h at room temperature. The solvent was removed in vacuo, the 
residue was dissoh^ed in EE and extracted twice with aqueous NaHCOa solution and once with brine. The organic 
phase was dried over MgS04, filtered and the solvent was removed in vacuo, the cmde product was purified by 
flash chromatography on silica gel (DCM/MeOH/HgO/AcOH 97.5/2.5/0.25/0.25). Yield: 32 mg. 
MS (ES+): m/e = 599.2 (M+H+ 100%), 573.2 (30%). 

i) (2S)-2-(Naphthalene-1 -sulfonylamino)-3-(5-(4-(1,4,5,6-tetrahydropyrimidin-2-ylcari3amoyl)-butyl)-thiophen- 
2>yl)'propionlc acid 

32 mg of the compound of step h) were dissolved in 3.4 ml of cooled 95% TFA and stinted for 2 h at O^C and then 
for 2 h at room temperature. The TFA was removed in vacuo, the product was coevaporated with toluene and 
lyophylized. Yield: 32 mg 
CTFAsalt). 

MS (ES+): m/e = 543.1 (M+H+ 100%); 517.2 (25%). 
Example 2 

[0069] (2S)-2-( Naphthalene-2-sulfonylamino)-3-(5-(4-(1,4,5,64etrahydropyrimidin-2-ylcari3amoyl)-butyO-thiophen- 
2-yl>'propionic acid 




a) 5-(5-((2S)-2-tert-Butoxycart3onyl-2-(naphthalene-2-sulfonyIamino)-ethyl)-thiophen-2-yl)- pentanoic acid 

The compound was synthesized in analogy to example 1g) from the compound 10-3 of example 1, step f) and 

naphthalene-2-sulfonyl chloride. Yield: 34.2%. 

MS (ES+): m/e = 518.2 (M+H+, 35%), 462.1 (100%). 

b) (2S)-2-(Naphthalene-2-sulfonylamino)-3-(5-(4-(1,4,5,6-tetrahydropyrimidin-2-ylcarbamoyl)-butyl)-thiophen- 
2-yl )-propionic acid tert-butyl ester 

The compound was synthesized in analogy to example 1 h) from the compound of step a). Yield: 100%. 
MS (ES+): m/e = 599.2 (M+H+, 100%), 573.2 (30%), 254.2 (10%), 226.1 (20%). 
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c) (2S)-2-(Naphthalene-2-sulfonylamino)-3-(5-(4-(1,4,5,6-tetrahydropyrim^ 
2-yl)-propionic acid 

The compound was synthesized in analogy to example 1 i) from the compound of step b). Yield: 99%. 
MS (ES+): m/e = 543.1 (M+H+ 100%); 517.2 (25%), 226,1 (15%), 130.0 (20%). 

Example 3 

[0070] (2S)-2-Benzenesulfonylamino-3-(5-(4-(1,4,5,64etrahydropyrimidin-2-ylcarbamoyl)-butyl)4hiophen-^^^ 
pionicacid 



U 




a) 5-(5-((2S)-2-benzenesulfonylamino-2-tert-butoxycarbonyl-ethyl)-thiophen-2-yl)- )-pentanoic acid 

The compound was synthesized in analogy to example 1g) from the compound 1f)-3 of example 1 , step 0 and 

benzenesulfonyl chloride. Yield: 41 .4%. 

MS (ES+): nn/e = 468.2 (M+H+ 25%), 412.1 (100%). 394.1 (40%). 

b) (2S)-2-Benzenesulfonyiamino-3-(5-(4-(1,4,5,64etrahydropyrimidin-2-yIcarbamoyl)-butyl)4hiop 
onic acid tert-butyi ester 

The compound was synthesized in analogy to example 1 h) from the compound of step a). Yield: 82%. 
MS (ES+): m/e = 549.2 (M+H+ 100%), 523.2 (15%). 

c) (2S)-2-Benzenesulfonylamino-3-(5-(4-(1,4,5,6-tetrahydropyrimidin-2-ylcarbamoyl )-bulyl)-thiophen-2-yl)-propi- 
onic acid 

The compound was synthesized in analogy to example 1 i) from the compound of step b). Yield: 87%. 
MS (ES+): m/e = 493.1 (M+H+, 100%); 467.2 (25%), 198.0 (15%). 

Example 4 

[0071] (2S)-2-(4-Chlorobenzenesulfonylamino)-3-(5-(4-(1,4,5,6-tetrahydropyrimidin-2-ylcart)amoyl)-butyl)-thi- 
ophen-2-yl)-propionic acid 



0 




a) 5-(5-((2S)-24ert-Butoxycarbonyl-2-(4-chlorobenzonesulfonylamino)-ethyl)4hiophen-2-yl)-peri^ 

The compound was synthesized in analogy to example 1g) from the compound 1f)-3 of example 1 , step f) and 
4-chlorobenzenesulfonyl chloride. Yield: 47.7%. 

MS (ES+): m/e = 504.2, 502.1 (M+H+ 10%, 20%), 448.1, 446.1 (40%, 100%). 

b) (2S)-2-(4-Chlorobenezenesulfonylamino)-3-(5-(4-(1,4,5,64etrahydropyrimidin-2-yteart)^ 
2-yl)-propionic acid tert-butyl ester 

The compound was synthesized in analogy to example 1 h) from the compound of step a). Yield: 53%. 
MS (ES+): m/e = 585.1, 583.1 (M+H+, 45%, 100%). 

r\ /OQ.\ O lA r^hlnmKan-yAnA<»iilff\ni<lamin#\\ Iti lA lA A H €t t#«trnk><«4rM.M«iriM.:«j:« n . I^^^U 1\ U. 4. l\ 4.U' u 
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2-yl)-propionic acid 

The compound was synthesized in analogy to example 1 i) from the compound of step b). Yield: 80%. 
MS {ES+): m/e = 529.1 , 527.1 (M+H+ 46%, 1 00%). 

Example 5 

[00721 (2S)-2-(3-Chlorobenzenesulfonylamino)-3-{5-(4-(1,4,5,6-tetrahydropyrimidin-2-ylcarbamoyl)-butyl)-thi- 
ophen-2-yt)-proplonic acid 



H COOH ^ l^s^ 

a) 5-(5-((2S)-2-tert-Butoxycarbonyl-2-(3-chlorobenezenesulfonylamino)-ethyl)-thiophen-2-yl)- pentanolc acid 
The compound was synthesized in analogy to example 1g) from the compound 1f)-3 of example 1, step f) and 
3-chlorobenzenesulfonyl chloride. Yield: 37.9%. 

MS (ES+): m/e = 504.2, 502.1 (M+H+ 10%, 20%), 448.1 , 446.1 (40%, 100%). 430.1, 428.1 (15%, 30%). 

b) (2S)-2-(3-Chlorobenzenesulfonylamino)-3-(5-(4-(1,4,5,6-tetrahydropyrimidin-2-ylcart)amoyO-butyl)^ 
2-yl)-propionic acid tert-butyl ester 

The compound was synthesized in analogy to example 1 h) from the compound of step a). Yield: 53%. 
MS (ES+): m/e = 585.1, 583.1 (M+H+ 45%, 100%), 559.2, 557.2 (10%, 20%). 

c) (2S)-2-(3-Chlorobenzenesulfonylamlno)-3-(5-(4-(1 ,4,5,6-tetrahydropyrimidin-2-ylcari3amoyl )-butyl)-thiophen- 
2-yt )-propionic acid 

The compound was synthesized in analogy to example 1 i) from the compound of step b). Yield: 79%. 
MS (ES+): m/e = 529.1, 527.1 (M+H+ 45%. 100%). 

Example 6 

[0073] (2S)-3-(5-(4-(1 ,4,5,6-Tetrahydropyrlmidin-2-ylcarbamoyl )-butyl )-thlophen-2-yl)-2-(4-trffluoromethylbenze- 
nesulfonylamino)-prDpionic acid 



0 




a) 5-(5-((2S)-2-tert-Butoxycarbonyl-2-(4-trifluoromethylbenzenesulfonylamino)-ethyl)-thiophen-2-yl)-pentanoic 
acid 

The compound was synthesized in analogy to example 1g) from the compound 1f)-3 of example 1, step f) and 
4-trifluoromethylben2enesulfonyl chloride. Yield: 92%. 
MS (ES-): m/e = 534.4 (M-H+. 10%), 112.9 (100). 

b) (2S)-3-(5-(4-(1,4,5,6Tetrahydropyrimidin-2-ylcarbamoyl)4)uty04hiophen-2-yO-2-(4-trifluoro 
fonylamino)-propionic acid tert-butyl ester 

The compound was synthesized in analogy to example 1 h) from the compound of step a). Yield: 93%. 
MS (ES+): m/e = 617.4 (M+H+ 100%). 

c) (2S)-3-(5-(4-(1,4,5,6-Tetrahydropyrimidin-2-ylcarbamoyl)4)utyO-thiophen-2-yl)-2-{4^^ 
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fonylamino)-propionic acid 

The compound was synthesized In analogy to example 1 i) from the compound of step b). Yield: 79%. 
MS (ES+): m/e = 561 .4 (M+H+ 100%). 

Example 7 

[0074] (2S)-3-(5-(4-(1,4,5,6-Tetrahydropyrimldin-2-ylcarbamoyl)4)utylHhlophen-2-^^^ 
nylamino)-propionic acid 



_ H COOH ° 

a) 5-{5-((2S)-2-tert-Butoxycarbonyl-2-(2,2,24rifluoroethanesulfonylamino)-ethyl)-thiophen-2-yl)-pentanoicacid 
The compound was synthesized In analogy to example 1g) from the compound 1f)-3 of example 1, step f) and 
2,2,2- trifluoroethanesulfonyl chloride. Yield: 42%. 

MS (ES+): m/e = 474.0 (M+H+, 15%). 41 8.0 (100%). 

b) (2S)-3-(5-(4-(1,4,5,6-Tetrahydropyrimldin-2-ylcarbamoyl)-butyl)-thlophen-2-yl^^^ 
nylamlno)-proplonlc acid tert-butyl ester 

The compound was synthesized In analogy to example 1 h) from the compound of step a). Yield: 56%. 
MS (ES+): m/e = 555.2 (M+H+ 100%). 

c) (2S)-3-{5-(4-(1 ,4,5,6-Tetrahydropyrimidm-2-ylcarbamoyl )-bu1yl )-thlophen-2-yI)-2-(2,2,2-trFfluoroethanesulfo- 
nylamino)-proplonic acid 

The compound was synthesized in analogy to example 1 i) from the compound of step b). Yield: 82%. 
MS (ES+): nVe = 499.1 (M+H+, 100%). 

Example 8 

[0075] (2S)-2-(Propane-1 -sulfonylamino)-3-(5-(4-(1,4,5,6-tetrahydropyrimidin-2-ylcarbamoyl)-butyl)-thiophen- 
2-yl )-propionic acid 



H COOH " 

a) 5-(5-((2S)-2-tert-Butpxycarbonyl-2-(propane-1 -sulfonylamino)-ethyl)-thlophen-2-yl)-pentanoic acid 

The compound was synthesized in analogy to example 1g) from the compound 1f)-3 of example 1, step f) and 

propane-1-sutfonyl chloride. Yield: 50%. 

MS (ES+): m/e = 434.1 (M+H-^, 15%), 378.1 (100%). 

b) (2S)-2-(Propane-1 -sulfonylamino)-3-(5-(4-(1,4,5,6-tetrahydropyrimidln-2-ylcarbamoyl)-butyl)-thiophen-2-yl)- 
propionic add tert-butyl ester 

The compound was synthesized in analogy to example 1 h) from the compound of step a). Yield: 52%. 
MS (ES+): nVe = 515.3 (M+H+ 100%). 

c) (2S)-2-(Propane-1 -sulfonylamino)-3-(5-(4-(1,4,5,6-tetrahydropyrimidin-2-ylcariDamoyl)-butyl)-thiophen-2-yl)- 
propionlc acid 
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The compound was synthesized in analogy to example 1 i) from the compound of step b). Yield: 91 %. 
MS (ES+): m/e = 459.2 (M+H+ 100%). 

Example 9 

[0076] (2S)-2-(Butane-1 -sulfonylamino)-3-(5-(4-(1 ,4.5,6-tetrahydropyrimldin-2-ylcart)amoyl )-butyl)-thiophen-2-yl )- 
propionic acid 



H — COOH 0 

a) 5-(5-((2S)-2-tert-Butoxycarbonyl-2-(butane-1 -sulfonylamino)-ethyl)-thiophen-2'yl)-pentanoic acid 

The compound was synthesized in analogy to example 1g) from the compound 1f)'-3 of example 1, step f) and 
butane-1-sulfonyl chloride. Yield: 47%. 

MS (ES+): m/e = 448.1 (M+H+, 10%), 392.1 (60%), 248.1 (100%). 

b) (2S)-2-(Butane-1 -sulfonylamlno)-3-(6-(4-(1,4,5,64etrahydropyrimldin-2-ylcarbamoyl)-butyl)-thlo^ 
propionic acid tert-butyl ester 

The compound was synthesized in analogy to example 1 h) from the compound of step a). Yield: 42%. 
MS (ES+): m/e = 629.3 (M+H+, 100%). 

c) (2S)-2-{Butane-1 -sulfonylamino)-3-(5-(4-(1,4,5,6'tetrahydropyrimidin-2-ylcarbamoyl)-butyl)-thlophen-2-yl)- 
propionic acid 

The compound was synthesized In analogy to example 1 1) from the compound of step b). Yield: 1 00%. 
MS (ES+): m/e ^ 473.2 (M+H+, 80%). 

Example 10 

[0077] (2S)-2-(44ert-Butylbenzenesulfonylamino)-3-(5-(4-(1,4,5,64etrahydropyrimidin-2-ylcarba^ 
ophen-2-yl)-proplonic acid 




a) 5-(5-((2S)-24ert-Butoxycarbonyl-2-(4-tert4)utylbenzenesulfonyIamino)-ethyl)-thiopheh-2-yl)^ 

The compound was synthesized in analogy to example 1g) from the compound 1f)-3 of example 1 , step f) and 

4-tert-butyIbenzenesulfonyl chloride. Yield: 44%. 

MS (ES+): m/e = 524.1 (M+H+ 40%,), 468.1 (80%), 242.0 (100%). 

b) (2S)-2-(44ert-Butylbenzenesulfonylamlno)-3-(5-(4-(1,4,5,6-tetrahydropyrimldin-2-ylcarbamo 
ophen-2-yl)-propionlc acid tert-butyl ester 

The compound was synthesized in analogy to example 1 h) from the compound of step a). Yield: 58%. 
MS (ES+): m/e = 605.3 (M+H+ 100%). 
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ophen-2-yl)-propionic acid 

The compound was synthesized in analogy to example 1 i) from the compound of step b). Yield: 95%. 
MS (ES+): m/e = 549.2 (M+H+, 100%). 

Example 11 

[0078] (2S)-2-Benzyloxycaii>onylamino-3-(5-(4-(1,4,5,6-tetrahydropyrimidin-2-ylcail3amoyl)-butyl 
propionic acid 




a) (2S)-2-Benzyloxycarbonylamino^-(5-(4-(1,4,5,64etrahydropyrimidin-2-yk:aitamoyl)-butyl)4^ 
pionic acid tert-butyl ester 

The compound was synthesized in analogy to example 1h) from the compound 1f)-1 of example 1 , step f). Yield: 
63%. 

MS (FAB): m/e = 543.3 (M+H+, 100%), 487.2 (20%), 184.2 (60%). 

b) (2S)-2-Benzyloxycaitonylamino-3-(5-(4-(1,4,5,64etrahydropyrimidin-2-ylcarbamoyl)-butyl)-thio 
pionic acid 

The compound was synthesized in analogy to example 1 1) from the compound of step a). Yield: 45%. 
MS (ES+): m/e = 487.0 (M+H+ 100%). 

Example 12 

[0079] (2S)-2-(Adamantan-1 -ylmethoxycarbonylamino)-3-(5-(4-(1 ,4,5,6-tetrahydropyrimidin-2- ylcarbamoy[)-butyl)- 
thiophen-2-yl)-proplonic acid 




a) 5-(5-((2S)-2-(Adamantan-1-ylmethoxycarbonylamino)-2-tert-butoxycarbonyl-ethyl)-thiophen-2-yi)-pentano'ic 
acid 

To 100 mg (0.258 mmol) of the compound 1f)-3 of example if) in 3 ml of dioxane were added 3 ml of saturated 
aqueous NaHCOa solution and 80 mg (0.258 mmol) of N-(adamantan-1'ylmethoxycarbonyloxy)succinimide, and 
the reaction mixture was stirred for 3 h at room temperature. The solvent was removed in vacuo and the residue 
dissolved in EE, the solution extracted with water, dried over MgSO^, filtered, and the solvent removed In vacuo. 
Yield: 63 mg. ' 
MS (ES+): m/e = 520.3 (M+H+, 50%). 

b) (2S )-2-(Adamantan-1 -ylmethoxycarbonylamino)-3-(5-(4-(1 ,4,5,6-tetrahydropyrimidin-2-ylcarbamoyl)-butyl)- 
thiophen-2-yl)-propionic acid tert<butyl ester 

The compound was synthesized in analogy to example 1 h) from the compound of step a). Yield: 41%. 
MS (FAB): m/e = 601 .3 (M+H^, 100%), 545.3 (10%). 



c) (2S)-2-(Adamantan-1 -ylmethoxycarbonylamlno)*3-(5-(4-(1,4,5,6-tetrahydropyrimidin-2-ylcarbamoyl )-butyl)- 
thiophen-2-yl )-propionic add 
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MS (ES+): m/e = 545.3 (M+H+, 1 00%). 
Example 13 

[0080] (2S)-2-Benzyloxycarbonylamino-3-(5-(5-(1,4,5,6-tetrahydropyrlmidin-2-ylcarbamoyl^ 
propionic acid 




a) Hex-5-enoic acid benzyl ester 

The connpound was synthesized In analogy to example 1 d) starting from hex-5-enolc acid. Yield: 1 00%. 
MS (C1 +): m/e = 205.1 (M+H+, 25%), 1 87.1 (1 00%), 1 69.0 (1 0%), 91 .0 (65%). 

b) 6-(5-((2S)-2-Benzyloxycarbonylamlno-24ert-butoxycarbonyl-ethyi)-thiophen-2-yO-hex-6-e^^ acid benzyl es- 
ter 

The compound was synthesized in analogy to example 1 e) from the compound of step a) and the compound of 
example 1 c). Yield: 32%. 

MS (FAB): m/e = 564.2 (M+H+. 90%), 508.1 (80%), 464.2 (50%), 412.1 (65%), 299.0 (100%). 

c) 6-(5-((2S)-2-Benzyloxycarbonylamino-2-tert-butoxycarbonyl-ethyl)-thlophen-2-yl)-hexanolc acid 

1.5 g of the compound of step b) were dissolved in 20 ml of AcOH and hydrogenated over 5% Pd/C at room 
temperature under a hydrogen pressure of about 1 bar for 4 h. The reaction mixture was filtered, the solvent was 
removed in vacuo and the crude product was purified by flash chromatography on silica gel (DCMyMeOI-l/H20/ 
AcOH 90/10/1/1). Three products were obtained: 

Compound 13c)-1 : 6-(5-((2S)-2-Benzyloxycarbonylamino-2-tert-butoxycafbonyl-ethyi)-thiophen-2-yl)-hexa- 
' noic acid. Yield: 1 93 mg. 

MS (ES+): m/e = 476.2 (M+H+, 100%), 432.2 (25%). 420.2 (50%). 

Compound 1 3c)-2: 6-(5-((2S)-2-Amino-2-tert-butoxycarbonyl-ethyl)-thiophen-2-yl)- )-hexanoic acid benzyl es- 
ter. Yield: 55 mg. 

MS (ES+): m/e = 432.2 (M+H+, 100%). 

Compound 13c)-3: 6-(5-((2S)-Amino-2-tert-butoxycarbonyl-ethyl)-thiophen-2-yl)-hexanoic acid. Yield: 280 
mg. 

MS (ES+): m/e = 342.2 (M+H+, 100%), 286.1 (20%). 

d) (2S)-2-Benzyloxycaitonylamino-3-(5-(5-(1,4,5,64etrahydropyrlmidin-2-ylcarbamoyl)-pentyl)-thiophen-2-yO^ 
propionic acid tert-butyl ester 

The compound was synthesized in analogy to example 1 h) from the compound 13c)-1 of step c). Yield: 41%. 
MS (FAB): m/e = 557.2 (M+H+, 100%), 501 .2 (20%). 

e) (2S)-2-Benzyloxycarbonylamino-3-(5-(5-(1,4,5,6-tetrahydropyrimidin-2-yIcarbamoyl)-pentyl)-thiophen-2-yl)- 
propionic add 

The compound was synthesized in analogy to example 1i) from the compound of step d). Yield: 44%. 
MS (ES+): m/e = 500.9 (M+H+ 100%), 410.9 (5%). 

Example 14 

[0081 ] (2S)-2-Benzyloxycarbonylamino-3-(5-(5-(1 ,4,5,6-tetrahydropyrimidin-2-ylcarbamoyl )-pent-1 -enyl)-thl- 
ophen-2-yl)-propionic acid 
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^ — COOH ^ 

a) (2S)-2-BenzyIoxycarbonyIamino-3-(5-(5-(1 ,4,5,6-tetrahyclropyrimidin-2-ylcarbamoyl)-pent-1 -enyl)-thiophen- 
2-yl)-propionic acid tert-butyl ester 

To 224 mg of the compound of example 1 3b) In 5 ml of absolute DMF were added 197 mg of 1 ,4,5,6-tetrahydro- 
pyrimidln-2-ylamine, and the reaction mixture was stirred at room temperature for 14 h. The solvent was removed 
In vacuo and the crude product was purified by flash chromatography on silica gel (DCM/MeOH/HoO/AcOH 
90/5/0.5/0.5). Yield: 1 71 mg. 
MS {ES+): m/e = 555.3 1 00%); 354.2 (5%). 

b) (2S)-2-Benzyloxycarbonylamino-3-(5-(5-(1 ,4,5.6-tetrahydropyrimidin-2'ylcarbamoyl )-pent-1 -enyl)-thiophen- 
2-yl)-propionic acid 

The compound was synthesized in analogy to example 1i) from the compound of step a). Yield- 15% 
MS (ES+): m/e = 499.5 (M+H+ 70%). 

Example 15 

[0082] (2S)-2-Benzyloxycarbonylamino-3-(5-(4-(1,4,5,6-tetrahydropyrimldin-2-ylcarbamoyi)-but-1 -enyO-thiophen- 
2-yl)-proplonlcacld 




a) (2S)-2-Benzyloxycarbonylamino-3-(5-(4-(1,4,5,6-tetrahydropyrimidln-2-ylcarbamoyO-but-1-enyl)4^ 
2-yl)-propionic acid tert-butyl ester 

The compound was synthesized in analogy to example 14a) from the compound of example 1e). Yield: 100% 
MS (FAB): m/e = 541 .3 (M+H+, 100%); 485.2 (20%), 276.1 (20%). 

b) (2S)-Benzyloxycaitoonylamino-3-(5-(4-(1,4.5,6-tetrahydropyrlmidin-2-ylcarbamoyl)- )-but-1 -enyl)-thlophen- 
2-yl)-propionic acid 

The compound was synthesized in analogy to example 1 1) from the compound of step a). Yield: 6%. 
MS (ES+): m/e = 485.5 (M+H+, 70%); 204.0 (40%),147.9 (100%). 

Pharmacological Testing 

1) KIstrin Binding Assay 

[0083] The Inhibition of the binding of kistrin to human vitronectin receptor (VnR) described below Is a test method 
by which the antagonistic action of the compounds of the Invention on the vitronectin receptor Oypg can be determined 
(«vp3 ELISA Test; the test method Is abbreviated as "K/VnR" in the listing of the test results). 

Purification of kistrin 

[0084] Kistrin was purified according to the methods of Dennis et al., as described in Proc. Natl. /tead. Sci. USA 87 
(1989) 2471 and Proteins: Stmcture, Function and Genetics 15 (1993) 312. 
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Purification of human vitronectin receptor (OyPS) 



[0085] Human vrtronectin receptor was obtained from the human placenta according to the method of Pytela et al 
•Methods EnzymoL 144 (1987) 475. Human vitronectin receptor can also be obtained from some cell lines (for 
example from 293 cells, a human embryonic kidney cell line) which are cotransfected with DNA sequences for both 
subunlts and P3 of the vitronectin receptor. The subunits were extracted with octyl glycoside and then chromato- 
graphed through concanavalin A, heparln-Sepharose and S-300. 



Monoclonal antibodies 



[0086] Murine monoclonal antibodies which are specific for the P3 subunits of the vitronectin receptor, were prepared 
according to the method of Newman et al., Blood (1985) 227, or by a similar process. The rabbit Fab 2 anti-mouse Fc 
conjugate to horseradish peroxidase (anti-mouse Fc HRP) was obtained from Pel Freeze (Catalog No. 715 305-1 ). 

ELISAtest 

[0087] The ability of substances to inhibit the binding of Icistrin to the vitronectin receptor can be determined using 
an ELISA test. For this purpose. Nunc 96-well microtiter plates were coated with a solution of kistrin (0.002 mgAnQ 
according to the method of Dennis et al., as described In Proteins: Structure, Function and Genetics 15 (1993) 312 
The plates were then washed twice with PBS/0.05 % Tween-20 and blocked by Incubating (60 min) with bovine serum 
albumin (BSA, 0.5 %, RIA grade or better) in buffer solution (Tris-HCI (50 mM), NaCI (100 mM), MgCla (1 mM). CaClg 
(1 mM), MnClg (1 mM), pH 7). Solutions of known inhibitors and of the test substances were prepared in concenfrations 
from 2 X 10-12 to 2 X ^q-s mol/l in assay buffer (BSA (0.5 %, RIA grade or better); Tris-HCI (50 mM), NaCI (100 mM), 
MgClg (1 mM), CaClg (1 mM), MnC^ (1 mM), pH 7). The blocked plates were emptied, and in each case 0.025 ml of 
this solution which contained a defined concentration (2 x 1 0-i2 to 2 x 1 0^ mol/1) either of a known Inhibitor or of a test 
substance, were added to each well. 0,025 ml of a solution of the vitronectin receptor in assay buffer (0.03 mg/ml) is 
pipetted Into each well of the plate and the plate was incubated at room temperature for 60-180 min on a shaker. In 
the meantime, a solution (6 ml/plate) of a murine monoclonal antibody specific for the P3 subunit of the vitronectin 
receptor was prepared in assay buffer (0.0015 mg/ml). A second rabbit antibody (0.001 ml of stock solution/6 ml of the 
murine monoclonal anti-p3 antibody solution) which is an anti-mouse Fc HRP antibody conjugate was added to this 
solution, and this mixture of murine anti-p3 antibody and rabbit anti-mouse Fc HRP antibody conjugate was incubated 
during the time of the receptor-inhibitor incubation. The test plates were washed four times with PBS solution which 
contains 0.05 % Tween-20, and in each case 0.05 mlAvell of the antibody mixture was pipetted into each well of the 
plate and incubated for 60-1 80 min. The plate was washed four times with PBS/0.05 % Tween-20 and then developed 
with 0.05 mlAwell of a PBS solution whfch contained 0.67 mg/ml of o-phenylenediamlne and 0.012 % of H2O2 . Alter- 
natively to this, o-phenylenediamlne can be employed in a buffer (pH 5) which contains NagPO^ and citric acid. The 
color development was stopped using 1 N H2SO4 (0.05 mlAwell). The absorption for each well was measured at 492-405 
nm and the data were evaluated by standard methods. 

2) Vitronectin/293 Cell Test 

[0068] In this test the Inhibition of binding of 293 cells to human vrtronectin (Vn) by the compounds of the invention 
Is detemilned (the test method Is abbreviated as "Vn/293 cell test" In the listing of the test results). 

Purification of human vitronectin 

[0089] Human vitronectin was Isolated from human plasma and purified by affinity chromatography according to the 
method of Yatohgo et al., Cell Structure and Function 23 (1 988) 281 . 

Cell test 

[0090] 293 cells, a human embryonic kidney cell line, which were cotransfected with DNA sequences for the and 
p3 subunits of the vrtronectin receptor a^^, were selected for a high rate of expression (> 500,000 aj^^ receptors/cell) 
according to the FAGS method. The selected cells were cultured and sorted again by means of FACS in order to obtain 
a stable cell line (1 5 D) with expression rates > 1 ,000,000 copies of OvPa per cell. 

[0091] A LInbro 96-well tissue culture plate with a flat bottom was coated ovemlght at 4 with human vitronectin 
(0.01 mg/ml, 0.05 mlAwell) In phosphate-buffered saline solution (PBS) and then blocked with 0.5 % strength BSA 
(bovine serum albumin). Solutions of the test substances from 1 0-10 mol/l to 2 x 1 0^ mol/l in glucose-containing DMEM 
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medium were prepared and 0.05 mlAvell of the solution were added to tlie plate in each case. The cells which expressed 
high levels of o^Pa (for example 1 5 D) were suspended in glucose-containing DMEM medium and the suspension was 
adjusted to a content of 25,000 cells/0.05 ml of medium. 0.05 ml of this cell suspension was added to each well and 
the plate was incubated at 37 for 90 min. The plate was washed 3 times with wami PBS in order to remove unbound 
cells. The bound cells were lyzed in citrate buffer (25 mM, pH 5.0) which contained 0.25 % Triton X-1 00. The hexose- 
amidase substrate p-nitrophenyl-N-acetyl-p-D-glucosaminide was then added and the plate was incubated at 37 •C 
for 90 min. The reaction was stopped with a glycine (50 mMyEDTA (5 mM) buffer (pH 1 0.4) and the absorption of each 
well was measured at 405 to 650 nm. The data were analyzed according to standard methods. 
[0092] The following test results (inhibitory concentrations IC50) were obtained. 



Compound 


IWnR ICgoC^M) 


Vny293 cell test IC50 (p.M) 


Example 1 


0.023 


0.42 


Example 2 


0.015 


0.33 


Example 3 


0.0095 


1.0 


Example 4 


0.012 


0.85 


Example 5 


0.015 


0.42 


Example 6 


0.028 


2.0 


Example 7 


0.011 


0.40 


Example 8 


0.060 


1.0 


Example 9 


0.046 


1.8 


Example 10 


0.095 


6.9 


Example 11 


0.009 


0.11 


Example 12 


0.023 


0.22 


Example 13 


0.097 


0.21 


Example 14 


0.040 


0.69 


Example 15 


0.035 


0.58 



Claims 

1 . A compound of the formula 1 , 




wherein 



A and B which are independent of each other and are Identical or different, are hydrogen, (C^-Ciej-alkyl (C3- 
Ci4)K:ycloallcyl, (C3-Ci4)<:ycloalkyKCi-C8).alkyl-, (C5-Cu)-aryl, (C5-Ci4).aryl-(Ci-C8)-alkyl-, fluorine, chlo- 
nne, bromine, cyano, trifluoromethyl. nitro, hydroxycarbonyl-, (Ci-C6)-alkoxy, (Ci-C6)^alkoxy-(P-C6)-alkyl-, 
(Ci-C6)-alkoxycarbonyl-, (Ci-C6)-alkylcarbonyl-. (C5-Ci4)-arylcarbonyl-, (Ci-C6)-alkylaminocarbonyl-., (C^- 
C6)-alkoxy-(Gi-C6)-alkoxy-. (C5-Ci4)-aryl-(Gi-C8)-alkylcarbonyl-, (Ci-C6)-alkanoylamlno-, (Ci-C6)-alkylami- 
no-, di-((Ci-C6)-alkyl)amino-, (Gi-C6)-alkylsulfonyl- or aminosulfonyl-, or the groups A and B bonded to the 
thiophene ring In the formula I together with the carbon atoms to whfch they are bonded form an aromatic or 
non-aromatfc ring system that is fused to the thiophene ring; 

X is (C3-C6)-alkanediyl, (C3-C6)-alkenediyi or (C3-C6)-alkynediyl. where in all these residues one carbon atom 
can be replaced by a heteroatom selected from the series consisting of nitrogen, oxygen and sulfur and where 
all these residues can be substituted by one or two identical or different substituents from the series consisting 
of hydroxy and A; 
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Y is a direct bond, -S(0)2-, -C(0)-, -C(0)-0-. -S(0)2-N(R3> or -C(0)-N(R3^-, where the divalent residues 
representing Y are bonded to the group via the free bond on their right side; 

R1 is (C^-Ci8)-all<yl, (C3-Ci4)-cycloalkyl, (C3-C^4)-cycloallcyl-(Ci-C3)-alkyl-, (C5-Ci4)-aryl or(C5-Ci4)-aryl-(Ci- 
C8)-alkyl-, where the alkyi, cycloalkyl and aryl residues can be substituted one, two or three times by identical 
or different substituents from the series consisting of fluorine, chlorine, bromine, cyano, trifluoromethyl, nitro, 
hydroxycarbonyl-, (Ci-CeValkyl, (C5-Ci4)-aryl, (C5-Ci4)-aryl-(Ci-C8)-allcyl-, (Ci-C6)-all<oxy, (Ci-C6)-alkoxy- 
(Ci-C5)-alkyl-, (Ci-C6)-alkoxycarbonyl-, (C^-Cgj-alkylcarbonyl-, (C^-Cg)-alkylaminocarbonyl-, (Ci-C5)-alkoxy- 
(C^-Cej-alkoxy-, (C5-Ci4)-arylcarbonyl-, (C5-Ci4)-aryl-(Ci-C8)-alkylcarbonyl-, (Ci-Ce)-alkanoylamino-, (C5- 
C^4)-arylsulfonylamino-, (C^-Cg)-alkyisulfonylamino-, (C^-Ce)-alkylamino-, di-((C^-Ce)-alkyl)amino-, (C^-Cg)- 
alkylsulfonyl-. (C^-Cg)-atkylamlnosulfonyl-. (C5-C^4)arylaminosulfonyl-, (C5-C^4)-aryl-(C^-C3)-alkylaminosul- 
fonyl-, (C5-C^4)-arylsutfonyl*, (C5-C.,4)-aryl-(C^-C8)-aikylsulfonyl- and a residue of a saturated or partially un- 
saturated, monocyclic or polycycllc 3-membered to 14-membered ring which can contain one, two, three or 
four ring heteroatoms from the series consisting of nitrogen, oxygen and sulfur and whk:h can be substituted 
by one or two ldentk:al or different substituents from the series consisting of A, =0 and =S; 

R2 is -C(0)R^, -C(S)R*. -S(0)2R*, -P(0)R^R4' or a residue of a saturated or unsaturated 4-membered to 
8-membered heterocycie which contains one, two, three or four heteroatoms from the series consisting of 
nitrogen, oxygen and sulfur; 

R^ and R^' whk^h are independent of each other and are identical or different, are hydrogen, (Ci-Ci8)-allcyl, 
(C3-Ci4)-cycloalkyl, (C3-C^4)-cycloalkyl-(Ci-C8)-alkyl-, {C^-C^^-ary\ or (C5-Ci4)-aryI-{Ci-C8)-alkyl-; 

R^ and R^' which are independent of each other and are identical or different are hydroxy, (C^-C3)-alkoxy, (C5- 
Ci4)-aryl-(Ci-C8)-alkoxy-, (Ci-C8)-alkylcart>onyloxy-(Ci-C4)-alkoxy-, (C5-Ci4)-aryl-(Ci-C8)-alkyteart3onyloxy- 
(Ci-C8)-alkoxy- or -NRSRS'; 

R5 and R^* whteh are independent of each other and are identical or different are hydrogen, (C^-Ci8)-alkyl, 
(C3-C^4)-cycloalkyl, (C3-Ci4)-cycloalkyl-(Ci-C8)-alkyl-, (C5-C^4)-aryl or(C5-C^4)-aryl-(C-,-C8)-alkyl-, or R^ and 
R5' together with the nitrogen atom to which they are bonded form a saturated or unsaturated 4-membered to 
8-membered ring system whch In addition to the nitrogen atom to which R^ and R^' are bonded can contain 
one, two or three ring heteroatoms from the series consisting of nitrogen, oxygen and sulfur, 

n is zero, one or two; 

in all their stereoisomeric fonns and mixtures thereof in all ratios, and their physiologk:ally tolerable salts. 
A compound of the fomnula I as claimed In claim 1 , wherein 

the groups A and B bonded to the thiophene ring in the formula I are hydrogen; 
X is (C3-C8)-alkanediyl, (C3-C3)-aikenediyl or (C3-Cg)-alkynediyl; 

Y is -S(0)2- or -C(0)-0-; 

R1 is (Ci-Ci8)-alkyl, (C3-Ci4)-cycloalkyl, (C3-Ci4)-cycloalkyl-(Ci-C8)-alkyl-, (C5-Ci4)-aryl or (C5-Ci4)-aryl-{C,- 
C8)-alkyl-, where the alkyt, cycloalkyl and aryl residues can be substituted one, two or three times by Identical 
or different substituents from the series consisting of fluorine, chlorine, broriiine, cyano, trifluoromethyl, nitro, 
hydroxycartDonyl-, (C^-CeValkyl, (C^-C^j^-aiyl (C5-Ci4)-aryl-(Ci-C8)-alkyl-, (C^-C6)-alkoxy, (Ci-C6)-Q'koxy- 
(Ci-C6)-alkyl-, (Gi-C6)-alkoxycart3onyl-, {Ci-C6)-alkylcart3onyI-, (Ci-C6)-alkylamlnocarbonyl-, (C^-Cej-alkoxy- 
(Ci-C6)-alkoxy-, (C5-Ci4)-arylcart3onyl-, {C5-Ci4)-aryl-(Ci-C8)-alkylcarbonyl-, (C^-C6)-alkanoylamlno-, (C5- 
C^4)-arylsulfonylamino-, (C^-C8)-alkylsulfonylamino-, (C^-Ce)-alkylamino-, di-((C.|-Ce)-alkyl)amino-, (C^-Cg)- 
alkylsulfonyl-, (Ci-C6)-alkylaminosulfonyl-, (C5-C^4)-aryIaminosulfonyl-, (C5-C^4)-aryl-(C^-C8)-alkylaminosul- 
fonyl-, (C5-C^4)-arytsulfonyl-, (C5-C^4)-aryl-(Ci-C8)-alkylsulfonyl- and a residue of a saturated or partially un- 
saturated, monocyclic or polycyclic 3-membered to 14-membered ring which can contain one, two, three or 
four ring heteroatoms from the series consisting of nitrogen, oxygen and sulfur and which can be substituted 
by one ortwo identbal or different sut>stituents from the series consisting of (Ci-Ci8)-alkyl, (C3-Ci4)-cycioalkyl, 
(C3-C^4)-cycloalkyl-(C^-C8)-alkyl-, (C5-Ci4)-aryl, (C5-Ci4)-aryKC.|-C8)-alkyl-, fluorine, chlorine, bromine, cy- 
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• ano, trifluoromethyl, nitro, hydroxycarbonyl-, (Ci-C6)-alkoxy, (Ci-C6)-alkoxy-(Ci-C6)-alkyl-, (Ci-C6)-alkoxycar- 
bonyl-, (Ci-C6)-alkylcarbonyl-, (C5-Ci4)-arytearbony!-, (Ci-Ce)-alkylamlnocarbonyl-, (Ci-C6)-alkoxy-(Ci-C6)- 
alkoxy-, (C5-Ci4)-aryl-(Ci-C8)-alkylcarbonyl-, (Ci-C6)-alkanoylamino-, (Ci-Cg^alkylamino-, dl-((Ci-C6)-alkyl) 
amino-, (C^-Ce)-atkylsulfonyl-, aminosulfonyl-, =0 and =S; 

R2 is -C(0)R^ 

R3 is hydrogen, (C^-Ce)'^'^! {OyC'^j^)-ajy\'{C-^-C^)-&\ky{'; 

R* is hydroxy, (Ci-Cgj-alkoxy, (C^-C3)-alkylcarbonyloxy-(C^-C4)-alkoxy- or -NRSRS'; 

R^ and R^' which are independent of each other and are identical or different are hydrogen, (C^-Cg)-aikyl or 
(C5-Ci4)-aryl-(Ci-C0)-alkyl-, or R^ and R^' together with the nitrogen atom to which they are bonded form a 
4-membered to 8-membered ring system which in addition to the nitrogen atom to which R^ and R^' are bonded 
can contain one, two or three ring heteroatoms from the series consisting of nitrogen, oxygen and sulfur and 
which Is unsaturated or saturated; 

n Is zero or one; 

In all their stereoisomeric forms and mixtures thereof In all ratios, and their physiologeally tolerable salts. 
A compound of the fomiula I as claimed in claims 1 and/or 2, wherein 

the groups A and B bonded to the thiophene ring in the formula I are hydrogen; 
X Is (C3-C6)-alkanediyl, (C3-CG)-alkenediyl or (C3-C6)-atkynedlyl; 
Yis-S(0)2-or-C(0)-0-; 

fO is (C^-C^^-a\ky\, (C3-C^4}-cycloalkyl, (C3-Ci4}-cycloalkyl-(Ci-Ca)-alkyl-, (C5-Ci4)-aryl or (C5-Ci4)-aryl-{Ci- 
CsValkyl-, where the alkyt, cycloalkyi and aryl residues can be substituted one, two or three times by identical 
or different substrtuents from the series consisting of fluorine, chlorine, bromine, cyano, trifluoromethyl, (C^- 
Ce)-alkyl, (C5-C.|4)-aryl and (C^-Cg)-alkoxy; 

R2is-C(0)R*; 

R^ is hydrogen or (Ci-C4)*alkyl; 

R* is hydroxy, (Ci-C6)-alkoxy or -NR^RS'; 

RS and R^' which are independent of each other and are identical or different are hydrogen or (C^-C4)-alkyl; 
n is zero or one; 

In all their stereoisomeric fomris and mixtures thereof In all ratios, and their physlologteally tolerable salts. 
A compound of the formula I as claimed in one or more of claims 1 to 3, wherein 
the groups A and B bonded to the thiophene ring in the fomnula I are hydrogen; 
X is (C3-Ce)-alkanediyl, (C3-C6)-alkenediyl or (C3-C6)-alkynediyl; 
Yls-S(0)2-or-C(0)-0-; 

R^ is (C<,-C^8)"9"^'' (C3-Ci4)-cycloalkyl, (C3-C-,4)-cycloalkyI-(C^-C8)-alkyl-, (C5-Ci4)-aryl or (C5-C^4)-aryl-(Ci- 
Ca)-alkyl-, where the alkyi, cycloalkyi and aryl residues can be substituted one, two or three times by identical 
or different substituents from the series consisting of fluorine, chlorine, bromine, cyano, trifluoromethyl, (C^- 
Cgj-alkyl, (C5-Ci4)-aryl and (Ci-Cgj-alkoxy; 
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R2|s-C(0)R*; 
R3 Is hydrogen; 

R4 is hydroxy or (Ci-C5)-alkoxy; 
n is one; 

in all their stereolsonneric forms and mixtures thereof in all ratios, and their physiologically tolerable salts. 

5. A process for the preparation of a compound of the formula i as claimed In one or more of clainis 1 to 4, comprising 
reacting a compound of the formula V with a compound of the fomiula X, 




(CH2)„ 



N 

N 
H 
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wherein A, B, X, Y, R^, R^ and n are defined as in claims 1 to 4 but wherein functional groups can also be 
present in the fomn of precursor groups or can be protected by protective groups, and G is hydroxy or a leaving 
30 group. 

6. A pharmaceutical composition, comprising at least one compound of the fonnula i as claimed in one or more of 
claims 1 to 4 and/or its physioiogicaity tolerable salts and a phamiaceuticaily acceptable earner 

35 7. A compound of the fomiula i as claimed in one or more of claims 1 to 4 and/or its physiologically tolerable salts 
for use as a phamDaceutical. 

8. A compound of the fomtuia I as claimed in one or more of claims 1 to 4 and/or Its physiologically tolerable salts 
for use as a vitronectin receptor antagonist. 
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9. A compound of the fonnula I as claimed in one or more of claims 1 to 4 and/or Its physiologically tolerable salts 
for use as an inhibitor of bone resorption, for the therapy or prophylaxis of osteoporosis, as an inhibitor of tumor 
growth or tumor metastasis, as an antiinflammatory, or for the therapy or prophylaxis of cardiovascular disorders, 
restenoses, arteriosclerosis, nephropathies, retinopathies, psoriasis or rheumatoid arthritis. 
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